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Ott 46,5 -404 
= (025044 [18:615 (о. -79) 
о.Чүүл, LSe? 
= 0.005%%2.-3олале 232 


= 0,219 /- 81-21 


("ut REST 18 LEFT AS Aw EXERCISE TO THE STUDENT: 
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Agter Converting impedance values m Figure 2234 
o адим л Valves, tue Lus admitiaue matrix 152 


1 = о ° 
=} Қызы етт) - (+-3\) B (+4) 
° -(:-, Gei eiteig) =i 
ёс ж - ані) 


Writm nodal egvations by ‘Sus peckton? 


=! 0 0 e | hive 
(zogi) (roti) -оле Van |.| © 
(-олзхзљаї 1) (0.3333-Joas) - joas "Vac о 

- 6.25 -іо..6 (0.5-30.0€33 Vaol 12-038? 


-Ake 


TE SYSTEM 16 Bown @ € Lo i г 





Yu Че Ya Хи 185 26 6-9 ° 

5 Чи Ча Yas Ча | 28 cass 5o о 

Yous” Хы Yaz Хээ Ysa I б.о Бао 22:5 125 Š 
$. “Ха: Yaw Yaa ° а 12.5 125 


в 


sh os аъ > ول د‎ thag w وو‎ 


Yas = = 5 Nig Taye 71 You = Yaz -%,» 


2.59 
(a> Че + Ya Чу oxy ONE -Ү, MM | {о 
= YA yp +a Че Y -Fe V. ўзо 
- % de еле в 
-% 20 о Х.ч ә, ||, 
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2.34 conte, 


бө сай . : 
14: 5 € 4, з.5 Ч, 2 
| $ = а. 5 Ч, a 
3 4. А. в.в = = 
x 9 Ns \ Z0 
2-5 E ° _8 Ч, 2.62. (ЖҮ, 
5 < E Z ei - - = ek 
Yeus У = 1 у Yous Хөөс У = Yous í 
enega о.6688 6307 o. GV d. 
i $ А 6258 
WERE TA = ©. 663% 6.1645 66242 8 
Nass Жама" 3 
o- Caoa 0.145 2.6840 9.8660 
осад 0۰6298 е. 666% 0.6840 
2 PANE ر‎ I 
У = Yeo Í 
2 
wheat V 2 вм» T= 5 "EM 
* 
Na 8.62. Laas? 
THEN SoLvE Fok Ч, 7 Na , , Ам» ÑA . 
ZAO 
Car Vay = 228, [0 = 1204 [o ч (Скөзенео аз REFERENCE > 
18 
Va 2 208 f3dv, Vee = 208 f-97 V, Ips te L-a А 
- т ә » P 
By = Van „ torte 12.0 [90° = (o 3 2:01 A 
ia fe (Зо 
T x o 
C» Tage a {ъё = M. [aad «36 = 5.114 [reo A 
9 {5 
> _ ne : 
Zee 28 зөв CR . 3 36.02 (ас = (0 $ 36-02) <. 
Jae бетта, [265 
| were, 24 = Aa [5 


-25 = 


«0. 


Sae = 48 М, LN | с Ces) ae eer Gao / ceive 


s 1.268 x to? гез” * 
“ы з Re (8.2) = 57164 kw 


‚ © -1.(8 y. 4.323 KVAR 
DEED 7 зе ~C 24) DELIVERED 


5.7164 RIS < À 4.525 эле” 


& = 1.205 KvA 
POMER TRIANGLE x „| A= А-ъ25 kvae 
36.81 
Ys 636a kw 
2.42 
=== 


Соз ww Vas AS REFERENCE 


Van = 298 /-ъе * , 
оо d эсийн 


Чок  „ мөн (зэ 33 
Gi лы MGs 


1 


pos 
м 


Tat 


Sag = 2 Van Зоо 2 (ao n /=2 ) (24.02 /x66 82" ) 


= 8654/3681" - 692245 5\92. 


Pag = сагьм , Qa 92 VAR 5 Bom ABSORBED BY THE LOAD 


5 = Os: CBEB7° У xe. LAGGING, 5 Sa” | 534 |e 86854 VÀ 





(ы 
Vea Ta 
EU. uS 
Vas 
е) “3.e 
= x Эс ин 
Ме Ес 2 + 
Po o ээс 
Va a28 ЁЁ v T = 24.02 [=66-819А 15571:36:877 
| A 


2.4.2 
=: 
Сөз  TRAuSCeRMINC THE A= GenwECYED LeAD lato Ан £&uwatenv X 


THE IMPEDANCE TER PUASE of THe &OuivALEMT Y 15 


= Go6-4A4.5 H 
Z, = T m 2(20-4\8) LL 





Wits төв PRASE VOLTAGE V, = хаа 5 шазаУ TAKEN AS A REFERENCE | 


THE PER-PUAGE EQuivALEent С4ЁСЛТ AS Suewe BeLa s 


X зл jas 


4 






Ч, 2120/0" 


TOTAL үзле рАМС VIEWED EROM THE INPUT TERMINALS 15 


C30 +440) С зао -415) . Р 
22} ae 22 = ЛА = 24 ساگ‎ 


z я 2424 & 072-2-1--2-т-- 
(Boe gaa) + (26-43 - 


^ni ° 
W 2 م‎ 25í[9 А 


X = = 
z 24 





TUE TUREE-PUASE complex POVER SUPPLIED 83117. 100694 


Pa \8coW омй Gi о VAR  DEUVERED BY THE SENDINGEMD SeuRCÉ 


(b) PHASE VOLTAGE AT Leap TERMINALS V, « \20 o" (2444 Cs ¿e° D 


= Wo-Az0 = Wes / 10.2 у 


THE LINE VOLTAGE MAGNITUDE AT THE LohD TERMINAL 18 
Viens Эль = АВ wee = \9ъ.64 V 


Се) re CURRENT РЕР PHRASE IN THE Y CONNECTED LoAO And їе THE вау, Y 


ot mE A-LeAp ; fim М Q да = 2:236 /.-63.4^ А 


2, _ 
Ē = Ye - Anc 4.472 [26.56°А 
Aa 
THE PHASE CURRENT MAGNITODE IN THÈ ORIGINAL A -Ce#»ECTED LOAD 
G PUE Т. „ AMF 2. 2.892 A 
b = GER ы 2218 
PRA 18 T8 


=25 = 


243 cents, 


(d THE THREE PHASE семь Route ASSSORBED BY EACH LOAD Үз 
Sc эч, = ASOW - A Goo VAR 


Š, = av. il > A266!4 = À 400 VAR 
THE THREE -PHASE ComeLEX PowER ABSORBED BY THE LIMÉ IS 
= | > 2 : 
S, * 2(8.+5x > 272. 5 (2434) OY = (Sows А®ъбо мар, 
THE Бом ор LebD Fawkes AND LINE LOSSES 1$ EQUAL ТО тив. POWER 
DELUVERED FROM THe SUPPLY ^ 
S,+ S, 5, « (№504 46005 « С 1200-4400) (150 44200) 


= \Boow x ДО VAR 
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(69 THR PER-PBASE E@UIVALEMT Cigeurt Fok Tag PROBLEM 18 &uowns Below 
Е Ad Зач а. 





2200 В = 22900 V 


ала AS REF, 





PRASE. VOLTAGE AT THE LAAD TERMINALS 19 \ = 


TOTAL COMPLEX емей AT THE LoAD END OR RECEIVING END 18 


Beas = §60.1( 0-107 Делез? +152 z 528 +4396 "ese RENT 


Қалта PHASE VOLTAGE V. AS REFERENCE , 
p g% e 
i1.  Še caê) _ Gée,eco /[-39:81* _ |. [-3687' А 
— h * Lr A Ч 
эЧ, a (22eo Lo") 
| PHASE VOLTAGE AT SENDING END 15 Given BY 


N, = 2200 Ze х Сед «4 2-3 Хө [236.37 ) = 2401 1/4.38 ч 
TRE MAGMITUDE of THE LINE TO LING VeLtAGE AT THE SENDING END ӨР THE binê 13 
МЛ = 48 \ = JE (222155 = 4160 v 
(oy THE THREE- PHASE COMPLEX- Powee LoSS IN TRE LINE (S GWEN BY 
- Eus i 
S. съфу = BRI“ +Å Sw 32 2a (o-4 hes +A Š (2:43 Coo y* 
= лам 485 kvAR 
(<> THE THREE “PHASE SENDING Powea +S 


зсъфу = ON X*'25$(2403/AS58*) Сә (26-81%) 


5 
а 540 ku + 4477 WAR 


Моте MAT Data, * Sree) + Si cae) 


зал 








preis ый 
сөз 
©, = 7.5 № 
/воу УА 
VAR Pas зы TEES ні ж 8+9, 
V вы љо, 2%5 
у @,- 1,265 Bax te Pe, Мул 
Кеде = 25kw 
= , 2 
Is 2 5 u 2 5.00\ к ъо. ол А 
Je Na. 48 (43e) 
- Фу TUE AMRETER READS ZERO , BECAUSE IN А BALANCED Тив» 
р PHASE SYSTEM , THERE 1% мо NEUTRAL CURRENT. 
2:46 
М 208 М 21 
Ceo Ves * 225 [9 26 « c.«61/60 ou 
© ° а 





‘USING VOLTAGE маман + Vag = Ñas Bala 
6.667 266 Cha |ъу+ Zune. 


0 . 208 
Van = = 105.4. /2.ав° ч 


ug 6-667 fee? + (aB 06) 


LOAD маст аё Vas = .[3 oSA = 82:6 V Cun) 





~j 6667 
g - Bey = Š П 
ын ® Ма = > Жау Ecen LE ni C-46:€615 
ел) Вне 7 


= (ая ° on 


Vas = (228 is) 12-38 / 5" 


2% — 
ї® — "s IÑT—Y = Wa. M Ы 
- 12:88 Lng Улс 0-8 440-6 ac |3.45 ү 


Tut. 
LOAD LANE To lang VOLTAGE iS Mag = Г ASA = Wendy 
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% 
= үлэ = 
E = 23.83% [- 96:51 A 
Ta 4.60) (e.8) 


- وس2‎ iac 228 - Cua еке (23-83 /- 6-81) 


Мү Мол 
216-4 /- 2.18 мо bine Te NEUTRAL 


$151 мч Lies Te LINE 


LOAD VOLTAGE Мот 8 жаа = 


* 
20x16 0130 20o6et = 51.65 [79969 А 


сы» X. = 
JB Cans DOB) 


Ter Dun Ха 
= зала. Lra aa А 


2 ола. [72232 x (58 A Gara Es 


рвал Loret ү 


51-63 3.0 — 25.55 + 36-87" 


Va? NL. * Бус, Xa. 


а 


Gtwt&aTR 2 Lantate-Lime VOLTAGE Vg, = JA (254012 
= AA5.8N 


(=> Sez a 3 Vez 


4 


pod > b (овал [70.63 ) (зама | мал) 


te 3 ул 4 х РЫ 
= 3: 4. KVAR ; Bem DELINERED 


Са: 20332 a у Qa > 


= зө nie” 
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S, = 2645 ©, = YF, 
kunê. е, = азы RvA M UC 
e| 
Ө,.-6 
Ы Š, е 


"е % < 9, 0, 2 2akw 
(o> 95: Gn B32 a 


= 4,854 LAGGING 








E Р ` 
Ce) E = >= z 26:42 w Vo КҮЗЕТІНІҢ 
diis J (лосу 
2. 
692 Qa Ө, = Хах v? vag = > CASS | ха 
2 
Xa |. VOCAL давл. 
14 x 10” 
(=> T Vin | ка > дво | қағы = 9.12. А 
ъ 
Тазы = eu E 23% to i 2766A 
JB Neo Sa aso 
2.49 


Со ber ay = Z, =Z, > Ze FoR A BALANCED Y. LOAD 
2, = Zap s Z oc = Qa PRABALANCED A -LOAD 
USInG EQUATIONS we FIG. 2.2.7 











~ = 2. = = zm 
ZA = Ех + ai < 2х 32, 
By 
5 2 
2 2, EE 
ARP £x > ——— V 05 — 
ZA & * Za 3 
(ы; 
= Aw) (-3259 . 
hee ES _ ы = — j во Г 
Ао «420 —3%5 
р» (дез С izo _ jason ; Ze ع‎ pons 
45 — DE 
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REPLACE DELTA BY The EGUWALENT WYE | Z 2-42 m 
3 


PER. PHASE EMUIVALENT Оет 15  SuowR ӨБІШ% 








Nonna ТААТ ( || -à 3) = -52, ӨН VoLTAGE~DWIDER LAW, 
че -- А2. ° 
М. e 4 (teo 207) = 108 LO 
—42 ә je. 


S208 Ct) s ves 2 on (cot +0°) = 1485enakb y 4 


W ORDER to FIND A, СЕ» l TAC ORIGINAL CIRCUIT , LET 95 cALcuLane V, ‚’ 
he 





7 T wi Азар А 
Vae = Муу c Увш = [S © Vya = 32/20 
Tes irs 5 De Lan = 86.6 / M6 
“©. P Ck) = $6.6 [2 eo (об +1207) 


= 1422.5 @я (364120) А а 


-Bi- 


ON A PER-PHASE BASIS SS $ (se ise) < (50-540) kva 
2. E= 6-40)” 2(25-420)А 
2009 Mort FF МАССЫ G 
LOAD 2, Сомчеёх A Into Ам EAUWALENT Y | 
Zay 5 ± (156-448) = (50-416) -9. 
Pp осе 22 az deii 
50-416 
Sg PER ТУРЕ = 


ше 


= (56.24 «48:01 A 
Notes PF LEADING 
Les xo6) =j 120 љо (es vc)| =(24. —4 522) kva 
0g. ФА v) w? 
$e iue 





= (216) A 
20065 
TOTAL CURRENT DRAWN BY ME THREE PARALLEL LADS = X 


mote: PF LEADING 
Ын =h ہے‎ E, 

— C324 «АЛ. А 
VOLTAGE AT THE SENDING END + Vis 


LiN&-To- LINE VOLTAGE MAA NITUDE 


Мете: TF LEADING 
AT THR SENDING END 


2000 LP + C73 29457661) (o:24) bo) 


2001-65 + j 14. Bi < 200%:44. / 213° V 
= JP Сәоөз-дло- S479.G2 У 26- 
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cor Lev VA, BE ME REFERENCE! Vays 2160 /o* = 2400 [90° v 
345 


TOTAL IMPEDANCE PERPUASE Ж - (дота) (o4 «Ato 
5” = 
2. LAME CURRENT = 2.490 Ls № AAT / ъа А = I, سه‎ 
S+*Ato 


AT Ролле. A=~GB-C PHASE SEQUENCE, 


Tg 3 2141 /=A 55.2 А Tox DaT (тш 208-4 «олан ( $6167 A 4- 


Qe» (922) Е. 24oo L9 EC [263-4 ) (оъ TDI 
= 2460 (0° = 22415 (9440 = 2179.2 - 3) $8.54. 


a 211۹.5 fervor N aH 


s . 
Ven Leap ` ANT. 5 [zov us Мау = 2.3955 /-24)-01 ү 


AD 


(=> Ө/ purse = Du oes XA = (233245) (24-77: дел. ЧА мА — 


TOTAL APPARENT боме® DISSIPATED IN ALL THREE PHASES Im THE LOAD 


Б 61.34 = \доъ. $2. Kv A 
Sara, s bene Ms RANE: 


ACTIVE POWER DISSIPATED PER PHASE IN LOAD ea 


LOAD 
x (2114.5 (214.3) без (62-397) = 216-87 ku — 
2% ТА = > (26.21 = 650. GV kw — 


REACTIVE PUER DISSIPATED PER PuASE IN LOAD = (Bu, s 
= (INAS) CRIT AN (62-347) = 414-65 KVAR a 
2 Q3. \ др = > (41465) = 1243.95 KVAR — 
; ЇЕ NA 
(Ad LINE Losse% PER PRASE ire eR = СМА) 0.3 = 13.22 y a 


TeTAL Link Less (Ps4 oss > 15.5 »د‎ z А\ да Кы а 
0 
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5.4 
= by ees 8.12 
3 x N 
@ 22 оү Z, + ЄЗ 2. 
Cb» хез 
(e5 YES 
3.2. 
N, - Mac 5 
Ne гт Vi = 222. (ооо (9°) . 250/70 v 2-2 
i z N pov 2 - р 
ILE M 
Z: Ve . 25049 | es (26 a 
Nn 2 م‎ 
Z S z, (> уе (2.5 fad jus 200 (3 a до 
ALSO B eu " МУ X, 


= (ове Zo 2/ G [-ъ6 >: 200 [39 9. а 
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3.3 دارع‎ № e ay = deal. 
Банн 166 voit ^ әү e ГА ete 
Баје, 
t (sec t 





Ч vw» P 
8.4. TR id ud 
= ЖК. * 
и ғ PN 
2400: 240 7 


» 2400 » 
[I das (259) = 2360 V 


us zo > 5) * 
— igs 2 
о» 5 و3‎ (< Sox to^ / 65% =| : 341.8 //- 36-81" 





а. 2ъо Га 
= © 230 Ze° 
Xi: xL. Se - 661 236.81 ساك‎ 
i, Sava тьс в 5 07°66 3/36 


ساگ 891 03 2 095234 = 


= Р [EN 282 
сэ ё, + (% гу E, = loo 2, + боль £36.87" SL 


(dy SN = % = Зо (6-8 ) Gak 


p 
£) 
P 


СА. kan 687°) x 4.8 kvag 


"55. 


>, +> Ф, 
— ۴ — A, 





3.5 
аашаа е + ES 
z, Ё, = iso]o Су 
2400 z 140 
a Ес №, = ES» 
| - Ax x 
у) г, = [3 \ = lwoxd[- 250.55 | 
e T (2 ) = ох бе. в = HTS A 
> ao оо 
nana i o 
y . E, = Ole - 6.4«03 BLT? а 
= =. Чп ез6 [3121942 


Z = o.408& = 0.1935 = 
Цёр be (== \оо +, = 48.01 |-312149 sw 
һы. === 
(a) P =P. = (н©йо.е<)- 33.8 & 43.5 wr 
Qu^ Q, = NO tan (73V) 2 -68. LIAE k vars мне 


+o Primary зум ine, 





56 
* о 
З| Е, = 271/2 v 
430 o 
€ 81 
"an = m ізге” . o 
(4 Е, = олт/е v Fz E Бс iij сү 





— 2, 3 -1 
(81: == = [tees (ea) = Боб ос (ол) = 180.5 Jas gi 
2. 
А 
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5 ° 











= = = 430 

m = Se. Be 10.5 [55.849 A 
(aner 
E 297 l b^ 

За Ex, = De = 1&%44/-зд.° а 
La 150.5 125.840 

š! = BL = 1,5340 [-15-%4° s 


жр es 4 
$2 ©, so |- esea) z So |-25. 81^ 0, vA 


СЭРЭЭ этэн 
K 


<, = 4Saw-d 2л. 79 Q vare deliwered to primary 
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асылар 





г 
ми 







(озу зе awet Ry = бол 


м: ч, 
м/м. то 
FoR MAXIMUM PowER TRANSFER Те THE LOAD , Ri ОВ = Rg 


oR Saas 1460 oR отба мм 


at a 
Фф) ъч veutace Division, Rs foo. ae 





, * à / 

CUL SI Awak ч tol? љо (ә) Ry = oon. 
7 2 

(мч, Jike 2 SN 


; 2 
Pans = LOW Dans s 25 үүх 13.4 ың 


1866 С 1809 
5-8 
. “2. 
дуул 2,4 Ute 
вле v (м) Bue 





— < 


1$-n. BGM за. 
í = (AR Atm к? [2 = арм юЕ М 
Vie kW = Bate wt м 


ъ 65 awm vk v 


Mae СЕЎ = - 29, = —% amit v 
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3.4 


жемесе 


Co O. = м./м. = 2000/500 = А. 


702 
Rear i = 24 ө-%25( 49 = 42-55, Q9 уда 16 ساگ‎ 
2 = 12 (АУ = \а2 я. 


FUE EQUIVALENT CIRCUIT REFERRED ТО PAIMARY 15 Bhonn BELow f 





+ WE + 3, =. 3599 Го = 5:68 La: eT A 
1, 192444416 
loooV WAS оду, оҳ, = лаз С 508 (24:617) = 415. [ze V 


. 24-617 
3 у 2 2715.4 Ё 


- 2 = 





“зааж ахыг 


A 
Ce» No nu 5 м, [ a = looo fq = ®®О V 
VOLTAGE REGULATION = 80-22 AUS 


^ loos 254. / - 
242.8 io 


e 
o 


| 


RATED CURRENT MAG NITUDE on THE 66-kv SISE 1$ GWEN BY 


X, = 2225 224.5 А 
2. 
X. Re, (2231.25 Reyi = looxte” 
Te و۴‎ = 94 Q سھ‎ 
a E 
a = S:5x lor = 24.2 Q 
“Tens 
THEN X eey 


en- = Jaa 2y- ARA РА Я. a 


-%4- 


TURNS RANO = A = N Ís. - ce/na = 504 
WITA HIGH-VOLTAGE SIDE. DESIGNATED AS \ Ano ум seg AS 2, 
ES > 
usx) 9266) = 65% , Bast» sw О.СлЕЗт. 
NOTE. To TRANSFER SHUNT ADMITTANCE FROM А-у SIDE To L-y SID Е, 


WE NEED To MULTIPLY BY O. 


ъ 
25 кло 28 
UE T лг ы сша АТАС NR 
i (tes хла?) (5.145 


-6 
NS ow Teu v. 2 2326 xe = Тоһ2 кіс ® 
Na, оз Me5x109 (5.747 


. -6 | m 
АД B = UIN ве = 40 (лаа ў— (A). 


-G 
= 77.709 1009 aq 
TOTAL LOSS UNDE RATED Сочратомо 13 APPROXIMATELY THE 


DUM of  OWoRi-CigCuii AND ОСОЁм-САёСААХ TEST LoSSES, 
. 12,660 


2. Кетслвмее Se ee d loo = 98:287 ат 
fü (16,9605 + C too + Gs) ¿ = 
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3.425 < xM D 


Negiecting the Series 1 pede nce e 
Е, = МЕ, = ALVA = (2486) аңојо° = ool v 
u Na Na чо 
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wo Iz, > ёо | (ав. = 2-886 > 
x = хе 2 
Хы V tegi T Rag, 7V 0885) лар = 1306 
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(a =, Reaij2 эсеби lt хаваа. 
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ї + 5 cre 9 te ساگ ا00‎ 25 
ii ышы С Е. № 
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V, = Ea > (® 7 €,» 254.96 /9 V 
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A Zs 2 


ipo? 29р 
ын E Lee 22 > зан - cos (008) = E 
"js ы sus ТЕ (108.3 1-36-87") = 20.&2]|-734:87 A 
E, = M = to (эуе 2691 = asp ЈЕР ~v 
2. 
Viz Е, + (Аоте) Е, 
ут 


ayoo? + (141345) (10-83 78687? | 
= i460 + 56,015 ] 31.3277 


244g. [5-683” 
(4) E 


М> E, + (Rjætt Хөд Rep it Xegy) Ey 


v 





2400 129 + (2.044 4.8) (20.85 [34:8 2°) 
= 200+ 102657 [29.1689 


2454,6 4550.00 = atgo. | 1505 ay 
(c $: = Vs ES = (> 440 | I1 5089 Еа £ 136:579) 


p. 


S1S75,[38.02 = 40.87 x10 +d захо? 
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RelSc) = 40.87 буу delivered Xo re 
Qs = Tw (8-2 731,45 Avars 


Sein enrol ор peer 


AS = 





(A * 20.3 ЈО? 
= 2406 јо? + (+12. +S) (52.83 10°) 
= xuqbo + 66.098 1681198 = 2410.8 4152-08 
= 2424, [1.2822 xe 
Vee 


6o ¿+ (2.0+44,5) (20-83 167) 


oo + 102559 [66.0% = 144114042074 
= 24423, 1221449 зу 


€. = S. KS = (2493 12-199) (10. 83/2) = so ё96.(3 377” 
= 50,859. + Гэнэн 

Pg bo р del erte 

ба: 1461 hod 


(ы Жүз 2о.%5 136:417 A 

S = woo jo + (9-5) (о. 83 [56 7") 
= ічво + 56,695 /155.61° = ЭХх855.4416447 
2 2386 [4.3210 vy 

V. эчәе (09 (2.034. S)(20. ts 136.872) 
= 24004 lows? Lorde = 23107-1 +3 1020.5 
= 2334, [2.4299 -y 

<. = та 


= (2373. [2.0404 e (20.8 3 =e. 82: l-34.87) 
= 45,566, (234,449 = YOK 42804, 
& = Hou Данче 
. =" Se е ` 
Os u 6.05 маг delivered 


= *L$,04 Avars 
4 Absorbed bd. 
Source to 

P eter Seu ee 


Note ; Real and Yeactwe іре, o. ST Фул ача 
«45 Avars , absorbed bu tre qeeder auo 

transformer, are tee game in all cases. 
thahest GEpelenty occurs жоғ oat Ë E 


(Еее = Peur/ Pe хе = босо. 2ч) кое = 9 $ 29 75 
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сеу Ол 2400 [249 = 
Re = OR: 22е у 6.0075 = 6:75 ft 
246 
X, = OK, < Qoy eov = Ae + 
REFEREED Te TRE WY- sise , THE Exciting BRAUCH CONDUCTANCE Дир 
SUSCEPTANCE ARE GWEN BY 
G [o*) о. ооз = (foo) aood < 
һы» 


= 0.03 xian? $ 

=à 
(/a™) е+°® a (Лао) 9.91 < сох 8 
THE EQUWALENT CiReuT REFERRED To THE BIAH-VOLTAGE SIDE 15 Shown 
Be Low s 


Ry OSL Ауа ал. 





Р: зелья Nl 





@.2 0.085 4% 


ов 
Ree t/a, 





mja ~28 sS 








EUN 2 '/ cà Sen) 


24o51 240 
IDEAL TRANS FORMER 
, (сан өй. амттеру 
Сь? R, = В, [ох x 4.0075 A 


x = x lat. corn 


THE EQUIVALENT CIRCUIT REFERRED To THE Low.VOLTAGE SIDE 1S Susvu BE toys; 


4 
Ry, 20-007 SH 





жы Ж», Ж `x ] 
3% 2 feat $,:0:00754, Ах, = 4 ol 





2460. 240 


IDEAL TRANSFORMER 
Сабы BE OMITTED 


45 = 


5.17 
ay 
(Oy NEGLECTING төв Exciting CURRENT оў TE TRANSFORMER, que EQUIVALENT 


GiKcUT ор TUE TRASSFORRER , REFLRRED vo THE HIGuU- VOLTAGE С.Феумаеху Sipe 


1S Showd BE Lol + 


BG 


| X20.8 /-36.4^A 
+ Rey s SH азда | ; 









2доо(0" 






TUE RATED С FULL) LoAD CURRENT , REF Ye WN- SIDE , 18 Given OY 
(5ex to? ) [2400 = 208A 
WIM А LAGGING Ромб FACTOR of eB, £, з. 26-3 / Ce" o. т 20:9 [-s =° A 
эзме KYL, Чут 2 49е /o^ (14-А/- 26.3 ) (5442) х 2450 6-34’ ү 


(b) THE CORRESPONDING рылбер DIAGRAM 14 Suet BELOW: 


лт 2450 /o34* ч 











là EX zOAMGV 
Calo. 8 = $6.4* ` гал 
X= 20.8 Bea \FRea\= Bay 


| 20-B/-36-0A 


USING KVL , % = 2400 [9° < (лөл/-эеду( 234 = 248% 5/65 у 


PS Ас me SENDNG END tS CaS ( 26.4 e AC) = 0.79 LAGGING 
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š -% EE 
Aa j8.68b6 XID py АХ GROENID pu 





=p 


1-в2-өвз Їр Мө 


Stacey = SOLVA 
Маде Š yet 


Spage,= SOLVA 
ویول‎ 2-ЧО лыг 
Leases = (мәс [sexi asus, — 240} (кохид 
5 HS. > = eS ree 
О ле voltete dá vig os $ 
















= É 52.085. = 
%..- (1-022 | = = 0.4418 [0 qv 
Big J ( вго833-5.5254х153) |9 j 
У, = Wo Viewer = (0.2978 Ја?) (240) = 234.45 10 V 
348 8.680605 gastos ls PY ро = LO |° 
jonas. — iieri pa 
Lo po T хеч x = 160 [22 
SPD =t 


Vipo 


Tone 1 





| 
i Lene X. 
Зъа‹е= go v^ | Vente HO "v 
Vease | = ро “и 
3. 
асер = (2420) [sexies 


= ї 15 23-23, 


" 


(A Fp 7 nois (6803x153 1 замо“) (1-0:4:38:677 | 


= Lo + 0.013373 1308329 с 1.014474 1 0.012157 
z 4,010 10.6539 Pu 


XEM TS (toro 16.83?) (24 00) = 2448./ 0.6839 ^v 
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BAW cob. 
(Ы. Vey = bole? + (ағзам ed 3063 хэр 1(1-02:36:9) 
Spu7 "D Ë 208 ü 
= kO + Of 04274 Ч 1259-168" 
= 1,0555 +10,020%33 = 1.03" S [1.15052 
po 


V. = Чер Vease = ( 26815 [1.15052 (ім) = 2110. [1.15552 
ccm чүн 
ә - M ox E" ; 
(а Роль" 1952 Voru spo = (osas 1 1.15982 ) (1.5 / Zb. €10) 
= 1,0575 /3%029 = D.,qY02 +i 06.6340 


фес vart 
Pg = (©.8718)(so) = 40.87 Фу 








` delivered 
Qs = (0.6595)(55) = 31.45 Qvars Y 
3.20 J 0-0257 po чол чоро зоо м. : 
5 ау Zreadkp u = 
si "алан 40.5025 
0.7565 [c^ Po 
kore | | Zone 1 | рме 7% 
| = = 1\5 у 
М.а; zae) 462 | Маг (32) = LOY { Vake 3 L 
| mau. = бна“ E gu UST з 
= DOV | “bese. MUT. 10.58 з | Lb ooo 
| 5% 
Trases 7 DPI MIIA 
| 15 
T ат | 
Ж.байро = 1448 rion = 1-381 + 10.3025 
2.6615 
Kta p^ 0:10 jv 
Хумар = = = O.1€10 Pu 


10.55 





ls 
хачри 7 (оло) 3221 Ese] Т 6.07154 po 
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22 Ocontn, Уро = I = 0.189865 Po 
31.30 
Xa ы & ` po 

(ха Хүр Xune) + Z road po 

z o. ases L2 
J (401281 F181 D+ +12) + (I 8118 O28) 

2 0.4865 LS. 0.4545 127 

12161 10.664 1,514 [2.6.019 
= 0.6316 Jobo? рь 
O = 


Тодд» Tee x = 


(5-54 Јо) (173.4) 


= 104. @ /-26:010 А 





25 = Bupe = 0.1.176 1669 го 


(2022 








Ёүрь = 2.716 [46° үс 





а. - 
Fase = (сое) = Gs +. lox 14134 
leoxios У (6c) 8 

= 11659 2 

LINE GS = о, 1715 [852 ро 

typo = 10/302 5.118 [ 42° ро 

3.6 
Е = 4803 -3 г D -3о” 
ао 5 тэл = 5ه‎ [Z232 ре 
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= Е,, TNT 
B Tapo = афо 22 6.8 
Сонтэ, = L so 


Я += 
т “ұр, 0.1778 ] 85° 434116 | че? 








H 
! 


о-% |-%о9 
еро 7 А $ /-30 


Deg | -1o? 
— = msc cili оын 
2.41521 + 1.0621 2-1807 [43e 


ap =  Оо.368Ч [78 ро 








Жаза Т 


p 
ËEb 


apo Tease = (o. ss (след (асах) 


25.83 /- 73-78" A 
ыйыы EON 


Н 
ti 














E > 
211 2 Е _ би _ | 
Arnos * Sm ` харан l.l. MM = 18054 
\ ° 
2 a Soraw = 52455 9.652 2 2.061/18.A49. QU 
k eae 23 
4 e 
5, š, 52529. ae AIS — 40.543 = 8 [229.05 Pu 
i > 415,546 
V ` 20: 
т Уа еч " 
L, eu = = 





Po oe ví. Pus в 
2 0O\ / AB AR PHÌ /-—23:05?5 
Ze eu | 2л ро (2-9 Zs УС E | 

(ABS 44 68 2) + (er15730 5225 
= vata 412714. pu 


Io: Tua Deane = ола эла?) C1808) z 22.49 Zaa A 
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6:28 
SELECT A cemmon ФАЗЕ өт loo MVA Ань 22у Cnet wA kV 


PRINTED tai Ren Gut 


ом THE GENERATOR SIDE ; tee THE TERT 


BASE VeLtace АТ BUS û is Zaky, THIS Fixes THE VOLTAGE BASES 


FoR THE REMAINING BUSES In ACCORDANCE WITH THE TRANSFORMER TURNS RATIOS 


$146 ва. ЪЪ j ФЕВ. UNIT REACTANCLS OF THE SELECTED BASE ARE GIVEN BY 


Gi Жа өле (меуі ө.2. % Ty: Же СМ 842. 


Ху х өө (53 = es + Хү қа өнө (5 “ут 5 


dai < 20-064 Сч узене j Tat Kz Ceg) se. 


Mi жа anas C e y (1:48) хөөв 


2 
: 4-4. 
For Lint 4, Ronse“ G = ARH hub Wa MEE 


2. 
z Ы Оу lait AND Хх 65.45 
Ase we = ын 





Bost 
, FOR LINE Z, 





20.54 


THE LOAD comentx PowER AT 6-6 LAGGING РЕ 1S S сфу? 57 [53-8 мул 


- " 2 
3. THE LOAD imeepance in омма is Zo = 09:59) View 
57 £53435" дж 

SEPT 


VAS j 659261 JL 


2 
THE ФАЗЕ IMPEDANCE Gee тив LOAD 1S (МУ {ioe = GAUL 


2, LOAD IMPEDANCE im PU 41495 + 5267 
20 





4 0۹5 + 26671 


THE FER “UNIT EQUVALENT CIRCUIT 


(5 SuowN BELa: 


4 2667 = 





Фее-имит IMPEDANCE DIAGRAM 


db 


3.24: 


Caj TUE ФЕВ. UNIT VeLTAGE AT BUS A , TAKEN AS REFERENCE US 


% to 45.5 е е 
Va а u 28" ± о/о 





AT 5.& LEADING PF, THE асов APPARENT FOUR = 66:5 


leo [; 36.87" 
e.665 [ъсът 
ЧД 5.98 [0° 
6.56 49.42. 
e BS /с° ` 
le 20.56-19.48 


м 545+ 402067 
TOTAL CURRENT DRAWN FROM Susa is Iei + Lus 6.42.-40-06 


2, CURRENT DRAWM SX THE Matoe үе 5 Š 5 





CURRENT DRAWN Өң төв Lob 19 Y, = 


ы! 


EQUIVALENT REACTANCE OF THE Two LINES Te PARALLEL 1S 


Qe . 
Wap os D SR ELLA 
0*4. xo۹ 


GENERATOR TERMINAL VOLTAGE 1S THEN Vc 0-95 [0° 49:5 Co az= jaot) 


Ñ, = o AGA + 49-216 = vo /15 aV Pus 22 [eat kv 
(p) тие GENERATOR INTERNAL EMF tS GWEN BY 
Ea = м4 Z, x = o.aG8 440-276 44 0:2 (o2. - Ú e.o 6 
= vog26 [25.147 PU = 23-82. [25.1 ky 


THE MeYo& TERMINAL EME AS Given BY 


= о. Ав до = 40128 (0.56 ROAD) 


= 064 (27.56 Pus Wn /-л-567 kv 
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z > 
10 25) 
х \\ X | Sos. 
a 
x ү МА 
2B 5128 уь8: са 
BASE ку e Base (бауға) VY, КУ ense 
\ъ КУ 1 ХЭММА 138 ky ` Ca kv 
‘smva \ Я А 15 ММА 
\ 3 өнөд 
PS n WABASE IMPEDANCE 
х e ын ун TROUT Z 
15 * 
Qo ara 
15» 10% 
ФЕ мат IMPEDANCE OF LOAD Iw URCEUTE a Боо 1,54% 
DLA, 
TE АМЕ DANCE DIA CRAM Үе PU LS цом PELOW: 
дол Лоев 
\.575 


BASE \MCEDANCE ом THE Low-VeLTAGE DB Lye SDE 13 


x 
Say 4 5465.0. 
Зо 
NOTE: Tat RANMA Of Tac TRAWSFRMER Ав A Ъ-РААЗЕ BANK 


уз Broo = Ча МУА , Ja (991): Э,8ү = © š $9 kv 


ai A Base of GEV on Tre H-V SIDE, BASE сы LV Supe = >. a kv 








, с Ao. 
50, ON LN, SIDE Re - = G. 2 bu 
ONGAS се = 
RESISTANCE REFERRED To WV. SIDE = V Tu) Boot 
PER-UMIT VALUE SholLD BE THE SAME AS Gb. 
(GO 
Curera BASE IMPEDANCE ON HV. SIDES 2 ASAT 
Ре Яо 
Ам» 220. 6.2 pu 
ABA 
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S27 





TRANSFORMER REACTANCE ом ITS OWN ФАЗЕ is 


e. 
— 2 ӨО VOS bu 
(225/560 Ё 


ON THE CHOSEN BASE, REACTANCE BECOMES 


2. 
доза 220 loo б:8Х 
— — а Ë u OE 
2ъ0о 560 4 Р 


2.28 


EQ. 5.» OF THE TEXT APPLIES. 


os 2 dea (m GD ee 


Gat В: hor (tsm (ej зүн 


24-09 








де Be don CEE) ras 


Ys Zz ل‎ 18, s z 0.136 pu 


2. 
Д .. (8600) 
For ME TRAM SMSSION-LIVNE ZONE, BASE IMPEDANCE: —— 
? и teen? 
Р 2 leoxio " E. 
d Жошы = (05200 Xe 054.44 0.2 v1) pu. 
(9с во) 
м; кул. 25 = 0.25 pu; 4 ky < A < 0.855 bu 
loo Дв 


THE IMPEDANCE DIAGRAM ER THe SYSTAM 13 SHOWN BbEtow: 





40.25 0.054 4л 39156 








P md 


УМА: 0.254 
kuz о. BBB EW 
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&wct Vaa 7? Ма an (Ҹем) 

с BOS ға Š, V 

Мақы (J3 n e ) Vam « Мах i- 
= ULM = 26. 

Na = C. Nes 5 сэ соо 


GQ) YES — 


E 2i z 
Е 2 ї a 
dy Since Хос Taw K a = Ол a) 


FoR ^ NEGATIVE SEQUENCE SET, 


N 


r у - = ж c - = 
a = Ware INA SCT Vag Mq 


9 
m 
p 
9 
һ 
1 
9 
— Ni 
om” 
мж 


\ Д о 
' = 3*0 EN - Увс Gk 
QD С, = Jane NE ONE те = Ф, | 
а 
кһызо Су = ND Мете; ТАМыс DE cen ft£x Сотто GATE 


TRANSFORMS А бозу SEQUENCE SET INT A NEGATIVE 


SEQUENCE SE. 


Sea 
ae $59. = жара 
Nat (= e N EDO я 
e о. 
ao 3 >s ) is k. Й Jes Pes Tie. 
Vua = Cy Ving 5 Мел = С; Vow Seq. SET 
Со QA с BR WE NEGATIVE SEQUENCE SET 
ym MM 
(UO соитейх Power Gaina E С\[ а”) = | 
Үл = № ИЛ ) e = 
С) Жұл = 2 Van JE Ae 2517 ‚мзъав all, 
X Со с? 
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MI RAL 3 
MBI hel ау” 
x 
xci хы LAN 
Жы. 

Posrtive Segue? 

Руазог задр. 

Fer posve Sequence, Vai deads Vai by 


AP and Vy, lage Ve, by 40% 
For negative Серое се, LUI lags "VA by ac^ 
and Wy, leads AX by W, 
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5:52 conto. 


(B | aci 


BA Gl нв Hnc 
4. J^ Р » 
X e А 
Ç нА | 2 д НА/ 











Xel 





> 





For pese seguente Vm leads 57,0 bg 30? 
and Wu їз м phase with Ма). For neqative 
sequence Wir lags Vei by 40 ad Var Is tn 
phase sith Vag ° Note thet a An Ziq / tag transformer 
Con be used to obtain the advantages оф а Any 
TANSEY nwê T without phase skipta 


5 


Y ; Hel 


хай 





For positive сешоемсе, Va lags VA by 23.4“. НА! 
For negative бешәелсе | Van leads Via by зыч. 
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Staudard 


С am Ameri a 


5.34. 


(ол 


fer wart 
ps twee 
ego eme 


Cb) 


Per vair 
Posie 
Segoe ce 


Tn Jona Po Tu 


=: ° = 
Imi ءل‎ fv Ly} 

447) "Via 

ос 2 
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78:35 
( Three phase rating: Rel ПУА Rh“ fizava 





Swale = phase rating? ela 56,9 nyA lz ЕЕ = пара 
= w Drv 
(b) three -phase Tact ine, 2 214) HVA 1ДЕ ve д [2-5 Qe 
Single-phase meting £ 044 VA БИЗ ЕР = ЕСІК Lv 
š 
© ‘Three -phase tatma? 2.1 HVA зех hv Y /ъ.з AVY 
Single [Маде тойға О.П HVA 7143 | хх OV 


(д Three- Phase patigo тә! MVA 13.8 AVA [> sasa 
Single ~ phase салла Ог] NVA ү. [2.3 hv 





: А 
5.56 
C 
= 
ТоНайр — — 
AM ding’ "en AAA Res ast) we 
© 


OPEN A “TRANSFORMER 


(а V. ad Neg “емайл the Some arpter оме, 
Single = phase -transpormer 15 TEmovea . Therefore, 

VA = = (Me + Wea) Temas “the Same. 

‘The lead voltaqeg are tren balanced , 

розни уе Seguente e Selecting Wain as reference! 


<= 


Van= گیا‎ [°з |° ду 55,5 re den о? v 
3 . 
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7.967 [+125 Gv 





3-36 Vay = 
C7 CONTD, 
VV. UT (13-8 xi.) 
E. = 1.802. "مدال‎ А Bes үд. Jeno” (д 
© Wyle її. Lara с 003.8 AB hy 


— ы kc delivers Зул Vue тү 


= (13.8 аг) Qs bean) = 25. 130° mva 





5,3 (217654 31a. 5 үхэр 
Sac = Vac ÈX 


Trauggormer ac delivers 
lu here Vac = = Voa = -13.6/ norzo?- 15. ТЕСТА 


Sac = Ma $ [ae (i. өлде) = as, 


52 = (м.6- 1 5.) коё 


“Bo? HVA 


not over loaded, 


delivers ing Mva 
yx, 5 па”, 


The Chan~ À transfora is 


Note Chet transGorner bC 


and “ansenemer Gc absorbs 
Tee ml reactive power delivered by tyre 


орём-А +tranSPormer to he reactive load 
is therefore tery. 
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Noting THAT JB (394): GG ME RATING OF TRE 3. PHASE 


2 


TRANSFORMER BANK 15 75 MVA , GG Y / 3A kv. 


2. 
OASE IMPEDANCE FR ME. Lawa VOLTAGE sipe ig ОУ = 611435 л. 











15 
оы - oG 
THE LeWe V@LTAGE SIDE , Ry = 2 3. Фи 
6: VA25 2 
BASE IMPEDANCE ом Biau- vontace заре is C€ a sgin 
75 
2. 
THE RESISTANCE REE. To HY- SIDE i5 e. G (28. = o Q. 
\ 
oR В. = 25 = Av Pu 
584 
3. 38 
соо 


THE SINGLE « LINE DIAGRAM AND THE РЕЕ-ТААЗЕ EQUIVALENT CIRCUITI 


Varta ALL PARAMETERS IN PER UNIT, ARE GIVEN BELOW: 





> 
CURRENT BSLPPLIED To Tag LoAD 16 240 x10" = GOZ:45A 


43 x 230 | 
BASE CURENT AT ThE LOAD 5 — 165,000 / ( Г 234^) а 251.024 


THE Tow&R-FActoR ANGLE OF THE LeAD CUREENT IS Qa ale Ge 25-84 LAG, 


atte V. ato 29% AS REFERENCE , THE LINE CURRENTS DRAWN BY THE LOAD ARE 


X = 602-45 m" 24° x 5 = 
А 251.52. {- 25:84 2.4 /-ав.ва? РЕК UNIT 
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3.58 сөмтї, 


X. 2.4 /-аөз - nd a 2.4 [45.84 PER uwa t 
lo 2a / = 25.14.4126 =< 24 / A446" текимт 


Сөз 
Lew «VOLTAGE Sipe CURRENTS FURTHER LAG BY ZO BECAUSE ое PHASE SWIET 


io 2.4 [ = 58.8 4° 5 1,» 2.4, [saa š БЭР 2.4 [ баас" 
сеу 


TUE TRAANSFERMER RBEACTANCE | MoDIFIÉD Рей THE Снебйн БАБЕ IS 


Xs ott x Ctoofase) = + ты 


THE TERMINAL VOLTAGE OF THE GENERATOR 5 THEN Givin BY 
Ve * 9, 1-ьс *AXX. 
= ма L230 4 á (sey Ga [255 84^) 


= 06-4222 -А 0.4851 = ODIA /-26-02 Фи 


TERMINAL VOLTAGE OF THE GENERATOR із 25*xwV69514329.8G kv 


THE REAL fou£R ScoPCt ED Әч THE GENERATOR 19 
Ç p 
Re | Чу 2 1 = boata «24 сл (— 26. 622 халад ) = 2.16 р 
мансы CORRESPONDS To BIG MW AbSeROED BY ME LOAD , SINCE THERE 
ARE No LČR Losses, 
(A> BY OMITTING тав PRASE Shier e£ THE TRANSFORMER, ALTOGETHES 
. ғ 
&&CALC V 1 
ULATING Мр WIM THE REACTANCE 1046) om ME 
WIGU- VOLTAGE SIDE » THR STUDENT WILL FIND tHe SAME VALUE, 


ее Ve ве. Vel, 
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10.09 ре 
eS 
сз E a it 
Чи. Ho Ser 
ез.) 


forte Sequence 
шэнэ voee 


А 3 
= 345 DO 2 а 
Кро ле 5 (0008) ( SE) (92) = о. 02785 res 


Í DSS 
8 < 2 
att ° 
Ми | 
o 
errs 1 
Positive Seg vewe 











Per Unt Posee Segue Resi tence Die ree 
Sae = 100 MVA 
Mese Ч = foo Qv үм +S nA Suën liue Zunes. 


Venice = ed i~ motor [generator Bue, 


-б4 


5-44 x Ци x. од б». ”اعد‎ (tes = 0,0116 er ыл 
Сонть. $i 4. (eal ro Gorn E 





н . 
Хз = (6.2) (ое) = 0.61555 per vnit 


Хүү? Ха, Ха, = Хауа (040) 1 ) = 04017535 





= (өөө) 1251 = 6,006666 pero 
Хт ( ( 1500 P 
p 
twp z (See) _ aso. n 
Yeo 

Хале че = чо [5.5 ее = 0.016 Ppervatt 

Хца, 2S = 25/2560 = 0.o) регома 
x = 18 O © . 

3.42. Varo = e = 0.4 |07? per олт 


Ж.с „lob | ex cn = 48.1) /36-87° Da 


(л) (13)(0.8) 


асек = 122 = 1.687 RA 


| У 0) 
Xon 4€. [32.879 2 : В 
Tan — у 0 = 16667 30,979 per wart 
ŞS = = V. + Е í 5 5 +3 
тэс یم وگ‎ xs o) f Ey Ore Xs po) 


Зон 2? 3 4 ЕТІНЕ 
Мыр O64 [o + 16.67 зале (3 oo canc +" te! š ) 


= .4 + 0.30555] 126+ 87” 


6.167 + У 0.2444 = o5 Li 8. 83° po 


5 
" 
< 

B 
1 


(0.1872) (хо) = 15.14 Q 





-65- 





Spare aq = BOMVA f 
Vianan = 66-4. JS “мам | 
Ew ід 





. ef. a. -90 PO 
= а aaa /-90 
. 30 . . = 
Ca) Tuae d z E TE = 0.15606 kA » Мале ®\? s Ja 221.68 ky 
i т 239  . - . КА 
meee 2ees JE > ° 
Ty = (3.9925 Qe 506 = 255 КА 
Ty = (309995 Сев уз 6.666 КА 
Cb) 1 олен = ©. \306 КА Хүүе, = 125 RV 
ъо 
2222 > лъв МКА 
T bane x 12:5 15 
Ty + (9323) 01506 = 1.255 КА 
ї = CQ 9935 1-386 = \\.55 КА 


=G = 


5.44 й 02205 + 10.10 но, mans До? per uait 






Хул 1 £ 
+ 1 і | Ус, = Lele? тес wart 
Г | 3 
3- i 
! 
ын | = 150, 

Заз = НомуА | “Rasen = Эр 

м 


ease x = ETER: v 


(e х. = (^23 Соёл) = eaz per velt 
"T Ф» 


е”, 
ў < 5 2 
(Ы 1 Jj “32. xa 


X ioco Ey 


`V, Coos Ы 


E x = із > = e b^ 
є Ta пе) 77 О.Чоги/Ө2 fA 


x: = B = 0.5621 QA 
кезен ПБУ 
TQ = Store [Р = OMMIlE yer ол 
О. 852.2 
Wy = of + (0.00843 0410) (0.7 2131) 


i 


160036 + 0.07173 = 0063 LENS? ger purt 
WC (1-0063) ( 12.2) = 13228 Gv 
e 
Eq = volo + (0100S » j v4 27) Co.1273 Zo") = "4402. S114 PU 
Eq = 442 (1225 = 4.01 kv 
акы E Coa OLD 
ШЫ 4 й 4 Š i р! їй ` . Ч 
: 1919/4148 tu = o.1212 (e) 448 2 805A 145 MVA 
29 


(24 MH + á 5:818 MVAR 
[n 6 AAT LAGGING 


РЕ + Соз (дааа) = 
-67* 


3-4.5 


pone 


TUREE-PRASE RATING OF TRANSFORMER T, 19 3ut00 = 5680 ММА 


Awe ws МЕ „то - ый VeLTA &E RATIO 15 JE Соло > 15.2. өв 220:13.2 kv, 
Enes Sima À Cammon BASE OF BOO МУР фе ME SXSTEM, AND SELECTING A 
BASE at aoky ім THE GENERATOR QiRCUILT, 

HE VOLTAGE BASE ан THE TRANSMIS SION LINE 16 z56kvy 


AND The VeLTAGE BASE iN ТӨВ, лософ. сласт 16 220 (15-2 [ га суллан 


TRANSFORMER REACTANCES CONVERTED ro FUE PROPER BASE ARE Giv&w BY 


8.2 
. е б, © » ` d 
UC Хе ON x DIe 20.6 авт $ Tas ӨС уз 0.095 


2 
BASE IMPEDANCE FoR ME TRANSMISSION Lie 18 (230) [seo = e.2 


THE REACTANCE of TUE LINE In PER UNIT (S THEN VASE s 6.18145 
а 


% 
BIRN 2$. 2745 


REACT ANCE ху OF MR. My sz (32 С 
8260 12.2 


REACTANCE X of Мет М, „„ Бая”) Weed qa e:5 A^ 
Teo? ( ара 


NEGLECTING TRANSFORMER PHASE SMIFS, THE Poaitive -SEQUENCE 


REACTANCE DIAGRAM 15 Залозы IN FIGURE BELOW: 


k 40.0359 4 Зол m Аоо445 


8% 





3:46 


THE MOTORS TOGETHER DRAW igo MW, ав. pas 2 oG РО 
oo 


With PHASE-@ VOLTAGE АҮ Tug Moma TERMINALS AS REFERENCE | 
Ye MER 26568 [0° te 
1$.8 


ТАЁ MATOR соёёых 15 GIVEN BY 


x - о.б 


> [9° = 0-6273 (9 ео 
e.%5 65 





REFERRING To THE REACTANCE DIAGRAM ін THE Solution of РЕ. 5-55, 


PHASE =Q PER-UMT VOLTAGES AT OTHER Pasture от ME SYSTEM ARE 


Atom: Vs 6.4565 a ө-бать (Д 0.09\5`) = 0.9582 (3-434 Qu 


` > ° 
Ax д. Ya 6.4566 < о.б2лъ( 4.04154 40.1815) 20-477 елед? pu 
` , © 
АХ №. Я: 0.4565 «o. 6215 (joo mis +1815 + jo0257): о ABLE ла 
u 
THE VOLTAGE REGULATION of THE L'MÉ IS THEN 
6.4826 — озаба> 


о.45 #2. 





а 0.0255 


THR MAGNITUDE ӨР тив VOLTAGE АТ THE GENERATOR TERMINALIS 19 


6.4226 x20 = \9. 652 kv 


MoTE MAT CHE TRANSFORMER PHASE SHIFTS HAVE BEEN NEGLECTED HERE, 
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Сау FoR PosiTIVE SEQUENCE ОРЕВАТЬМ AND STANDARD A-Y Сомместеы, 


THE TER-PRASE DIAGRAM S Shown DE Low. 









хо - Ло 1 
Т 
өч 5 
1 
M t6 3 ^n 
GENERATOR | TRANS FORMER ! ess 
DN = 230 {9° kv , Снова THAT AS A REFERENCE, 
Че а” i60 lo* -^ ° 
z —  — /С%0.8 - А\. 69 / 26.9 MVA 
2 E о,вх > à 
io^ З AA GT хис (3681 P 
Тэ s — د‎ VOLLE OL - Bag / 3681 А 
Ма 12.8 хло 


“ F < ъъ 3637 А 
z ~do = / 5 , 4 
I, = oJ e i4 = 5435/7 66.81 A 


Тыс PRIMARY CURRENT MAGMNDE 16 56435A., ж-- 


Vas = V * 49-081. (“= зао (эс ) © фөгга(5ааа(-с677) 


= 0661.4 базе + ADA 2% v> 


= 7253.3 /- BABY 
LINE -TorLing PRIMARY VOLTAGE MAGNITUDE = JS (1253.5) = 12-56 kv + 


TUREE-PUASE Сом? з PoWER SUPPLIED BY THE GENERATOR VS 


= 2003 TF a шасы, me 
г. 5 (71555 [pas )(54ъ5 (664817) 
= S.27 (52:36) муд = 


g PHASE Suey 
Cb) TRE SECONDARY PHASE LEADS тав PRIMARY BY US: s Tsja eo Lies 


ale 
TO Ling-To- NEUTRAL (PHASE) AS WELL AS LINE -To- LINE VOLTAGES. 
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2.48 


pen 


(oo FoR Sesitwt SEQUENCE OPERATION AND STAWPARD A-Y & Y-A 


Coww&cnous, THR PER-PUASE DIAGRAM 1S DRAWN 5 015 


< 4 6-082. 






jo sg 


а D ене 
| lol | ES | 
\ 
Семе фато | TRANSFORMER T, (ға | TRANSERMER Т, | Lean 
| (өтеб-оеЭ hine 1 





(ST&£9-Do wn) 
бы V = "d Lo” kv 
ъ 


Choosing ТААТ AS A REFERENCE , 


(8440) & 30:8 (5 | хөө 5-0. 


м 
е 


СЭР Atov «Со H5 Z, = (Soo < À Аза) п. 


Е, = Ёл / сөн rd e.es Бязь = 5.02 [1665 


ЕВ 8660.5 | Gaa 1e оөз) = Vwesaa 406.65" 


GENERATOR CURRENT МАЗЬ! ё = 


Het è? g, ase зат 


I, = \65а:1 Дд س‎ 





vo Ja 
TRANS MSSUN-AINE CURRENT MAGNITUDE = 45:58 А <— 
8 „jas . - 
Хы: №] € T,= 0654.3 [-\6.¢3 A 


LOAD CURRENT MAGNITUDE 


e 


= ESSA 4-- 
Zi las (5340 C 50.3 [51648 


e 
= 462-4 (256289 V 
MAG NITUDE 


LINE M- Ling VOLTAGE AT LOAD TERMINALS = \A-66KV а 


TURE -Phase CoMPLEX PoWER DELIVERED To THE LoADIS 
ы s s A 5 
Sag 2 5 Va x, = 2 Ё, кь 15 


= 3 (завд [52# ) (1659 /+16.65° ) 


- 4225 / WV MVA S 
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з.да 


241 BASE Kv Iw трады лок = LINE CIRCUIT 


та \32 vy 
залал in WE GENERATE ©, creeuss 


= ER VL „10-56 
165 

BASE kv IN THE GENERATOR G, сусты 129 x M9 2. \woaky 

o.2£1 t8 M65 

anasa | | 


35.4688 






5 
=. этъа 


LOAD 


IMPEDANCE DIAGRAM OF THE SYSTEM Wind PU VALUES 


и 


THE ComMon BASE OF loo MVA FR ME ENTIRE SISTEM 
G + Z 


jo:t8 x 2. (22 j = 40-4688 bu 


lo. 56 








С. $ Bz долвх 199 18 24 V ATAS үм 
Зиг? 1 2807 xoa) 3 Y 
= > 
T: Bx dat x МО (24 = A 0-1453 bu 
Ë 8o" 202) 1 ` 
T; Ec 





2. ` 
= 1× ме х (22) к jo. DAOG by 


(94 
БАЗЕ IMPEDANCE In TRANSMISSA 








-LING CiRewT 15 
ғ 
(975 . ina. за 
ioo 
= 50-2700 c 
ue ж 27134 УМ 5i 
quB — s ` 0.2 81-4 1.14718 ws 
5 25440 mA = 
хеле oca m O. ME 5 + 40.5 155 bu 
LOAD: 


Зо(ооёх 6-0) = 


(до 4 зо) Уул 





2 2 
° 24. 
МЗЭ Sees ai ш ES, puc 3.228 bu 
Lon? Ao 14-24 
(1565 . 45o.n 2 159 > A 
LOAD 56 ` Е aga us las Yu 
2 


LOAD (Rs \ 4 X enm) 


-7%- 


4.50 





Per v \ 
bait postive (oo negative) Segvence мачо 
И N азмоогсЕ 
| | (Oase  SWipt Not skaon) 
Ё- Primary ` 
5-0 Secondary 
te tertiary 


A3- 


EL 
>= 
(а2 Xn, = бб per omit 
© Xia = Belo рег unit 
Xy = о.04 Е Osla pec vait 
х, = X(o.ox + 0.10 = ол) = 0.03 fee unit 


хал 4(06.08к041- Bolo) = 0405 bec wart 
хз ^ (040+ Oo - o.og)7 0-07 fer vw 


4 3 Ky 1 ха ЕЭ 
au" p Ops 








> В. = 1.667 





Per Unie wpe dance 2 oraa 














4. 
Using ۴44 sms 3 Муу, = vè ° 
R R 
з. 2, 
болы 030 uq лж R = QUY „ Lost м 
12- 5 
2 2. 
uae т Gg) 2-4. = (35) 
ase ar = % о. S. bese ap = Oo 2.645 x. 
в. = 14553 _ = 1:066 
мэ” “дүү? 10667 Дал | “но” al 


= Ч.о pet yut 
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көсе PRINTING ERROR 5 $1&.5.50 мошто BE REPLACED BY 
па. B- Bl. 








Co^ 
Per Unit Positive SUNT 
X 7X, = × = چ‎ (001+ O01 - 02) 
5 ©2605 рег оза 
Ф) 
(g^ 1) 
Pe : 
T Әжі Percy Sequence 
© 6ء ل‎ 





ESTO bagn 
ese \ 


Ce SEKE 21) 


Per Оміс Posie Седла ence 


25 - 


2.53 


P 


қолы А BAGE ot 


IS MVA Ань GGkN N ME фанди eiecit, 
THE DAGE FOR. SECoupAEX Ci&co (5 


15 MNA AnD VS 2k Ano 
Tue BASE Cot TERTIARY Cieeoit is 
NOTE ТААТ 


ISMVA Амо 293 kv, 


Y es bu Хы NEED мот GE Cuassc ep , 
Хас 


із MODMELED To ME MEM БАБЕ AS Рома. 


Хас > GOB» \5 


т 9:42. 
io 


Wa THE BASES SegcitieéD › TAL PER-UNIT REACTA NCES OF THE 
PAR- PHASE EQUIVALENT С\@сшт ARE GIVEN BY 


Хр > $ (46:01 + j4 — 4 012) = 49-02 
Хз c s C jeer + Jona oca) s 33-95 
хо (46-04% 446.12. 7462122 40.07 

5.54 


TUE CONSTANT VOLTAGE SOURCE 16 REPRESENTED BY A GENERATOR HAVING Мо 
INTERNAL IMPEDANCE, 


ON à BASE oç SMVA, Z5 kv in THE TERTIARY, 
BASE, 


TUE RESISTANCE OF ME LAAD 15 1-0 PU. EXPRESSED ON А 15 MVA, 2aky 
THe LoAD RESISTANCE IS 


Re vo x 9. 


2 Bea PU 
ON А Base of ISMVA (9.2 КМ, ME REACTANCE OF THE MOMIR 15 


= 02x Е z 6.4. Pu 
75 
THE IMPEDANCE DIAGRAM IS GIVEN BELOW: 


NOTE THAT THE PHASE SWIFT That ecevues 





BETWEEN TUE Yu Conmpecreo PRIMARY 


AnD THE A= семмастыъ TERTIARY 


Ta262.5 А 
5-55 @ E & 


Lam 6 % TSA 






(e) <, = Gyo C818) = 165. Ü wA 
бұ = (2440) (6%.5) = 165, Qua с Sx 
(5 МА 15 trang formed by magnetic induction. 
150. бук is cR formes electrrea lia 
( At тамд vortaye 1 Core lossec = 105 W 
At Full Ла corrent 2 Winding losses = S30 w 
Toll Ләсес = 10843850 = YES W = Oo Олс 
2.25 (@6ч5)(62-5)(5.8) = 132. AW 
Bec Boot + Poses T 153 4435 Qu 


Plo ереен 5 =) x во = حل‎ үс = 43.6" 95 
12 \3 Le === 


Нсл 13260 A 





18| As д normal , Single-phase, "hon < us inating, “TA KSEE TEP, 


rated 2 3 AWA, 220 [по У; Хал оло gar wait. 


Tease На = Cro) [seco = 16.135 = 


SUR 


2-56 (te) 








SUE: Аз a. зэм ~ phate avtolrassftornwer Басе з 
Зьо(УмеЧ) = ч.чо бул , Sofie v 
Жавсеїааш = (s3c)"] 4800 2 ҷа. Si 
р m б BAR y 
Хєд = (eso) ( A). O^OGC& per vant 

1 m = 2m — 3-78 
aa > = " 
`, x ! elc Y ярин 
! 
Sea ig^ 133.50 và Í "Meaux c HD YV 
3 

< = wu П = 15.5110 > 

мален = 74.5 ИИ ESE = поз БА 
Tease 7 ас 

eS 
= 16.256 А _ 
T = 6000 22558. = 34.36 [736877 д 
(пет) (о.е) 
з = 39.36 | -36€-v3? = O.5S5SS$/-3687^ per o 
Зое 1 

Ty = Dy = 0,5555 fer vait 
=, = (2-555<) (1.256) = 4.051 A 
%,- Ny + ты = зәре. + (3 о. 66677) («555 |e 
Va = 1+6 + 0.03104 | ELNE = 1.02224 1 0-029 £3 
Fa = і,оэле / 1,662 fer окъ 


Aj (ox e) (479,5 ) = 490.3 v 
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3,57 


poem 


RATED CURRENTS of Тө Two-wiM DING TRANSFORMER ARE 





2,- 49099 „лд awp 1, 65999. вод 
240 1268: 


TUE AUTOTRANSFeRMER СомыБбстен VS биеэн BELOW: 






\asoa 
X Ls Boek 


lA Ao 


(еу TME AUTOTRAHSÊSRMEL. SECONDARY CURRENT 19 1) > $00 À 


WITH WINDINGS CARRYING RATED CURRENTS, THE AUTOTRANSeORUEE 
RATING 1S (ооу (2605 i? 4 вво КУА 


(b> OPERATED AS А Twos WINDING TRANSFORMER AT FULLCLOAD , 6-8 ee : 


Ef  єєхєєєд “+ бозо. = 6.46 
(Соко а ҮР 





1535 


4.8 (-o.6) 
ә.46 


THE TOTAL AUTOTRANSFORMER 65% 16 SANE AS THE Twe- WINDING 


Prom масы THE TOTAL TRANSFORMER LOSS Е = akw 





TRANSFORMER, SINCÊ тав WINDINGS ARE SUBTECTED 30 THE SAME 


RATED VOLTAGES AND CURRENTS AS THE Twa- WINDING TRANS FORMER, 


. б x0: 8 
ы ВА МЕСА ccu uo CAM ET 
Auto. ле. (воно. < 2 


4. 





Sov каза) 








I, = eo = М28А : - 90,566 
go 5 Ta we dis ROS 
№ = aoky ; V, = 126480 = 200 kN 
Y. = №258 47830 = 1815 А 
(b Амт kVA is CALCULATED AS Sox 1815 = 150, ооо КУА 


уамаса 15 SAME AS 
Оохтох КУА = 2005750 = 150,000 


D 


Peanissiere kVA RANNG OF THE AUTOTRANS FoRMEE 16 159.000 
Tue КУА TRANSERREED BY THE MAGNETIC INDUCTION IS SANE AS 


THE RANNG GF ME Two- WINDING TRANSFORMER, Wich 1% 


Зо, ооо v^ > 


HBO — 


3.59 
201738 


m 
VL Lou 





Gis i 
Vi EX Aa elope «oj = 1.01380 o, 
V T. орға ( 15°) сар o= о Per yatt 


Роад * 3 бусад = Tbb + 10-50 


(2) No regulating tra«aspor«er у Z = [о 
Using current divisions 
Zu = (= T und = (2220 .01:34) = o-sest -30 251 
Хи PALL ° 
1 ата Ч < = š er. 
PL, + IG, = Vid = OsssSSGC/tso = Otsi х looi [+ 


at 1Фд® (ша RC Lea tigu) (ом ~ hgn tienne) 
= оф Ч 1сналлл. per Balt 


(b) Velteqe magnitude reqvlating transformer, Са ОЧ 532 
Using the admittance parameters Fron Example Ч.Ч @) 


-[-34.2 ies ЇЇЕ | 
164410 -ig.eg || to e° 


т Р rf - Ya Ya У 
— ко мы? Eoad] [X ХА|| V 


second equation above for V 








Solving “the 
— во [-30° = (18-44суүу -(18-ө:4)(1.о40%) 

= fo exu [30 -= |e өше” 2866417128 — „очу Ís. E 

ЈЕ. S10 458.610 art 
Then s Z 
Z. = vev = мон 5:427 - цо Oe O31 16-0783 = 0525$ Же 
3 Хы 30-30 Хото 
Per 


Putinu: WEE = о, аз aeiy = onytis + 30-1803. Gait 


Past iOa = (Р.а ад) (patio) 095746 + iossas рег 


-i = 


3-59 Сон. 


Fhe vettage mac nitude regulating тал рот е, 
increases “the reactive power delivered by lise 
i H390 (pro^ одала do 655198) ita д 
relative ly small Change in the real power 
delvered by hae Lai. 


(c) Phase angle regulating transformer у C= geo 1-37 
Using Yu = “i045 e 38.4495 ам Yas = -3 а.о рег 
burt from Example ult (b) ` 


“TV E Load а (34-0}(1.о12°) — (017309 

Pa ~ OvLOUS + 1 841445 
= 7O.kG6O + 14.50 = 4.554 las ے‎ loeo [san Per 
T0203 +3 STAYS 5.197 [1.339 i 
-V! 1060 [5-8 "4? — 1.010% с.о6чк4 (06001 


ха Того = 10910 
= O64606/~- 38-87" per out 


Parigu VIZ = Debob/+38:3P = O63586 + 30.2940 


XY = 


HI 
E 
" 
< 


Pat IA (P oaa t i Ф. оаа) (Pat iod 0.5014 +} cea по 





The phase~augle requlatiag transtorno  fncreaces 
the леа] power delivered ba hae عا‎ 

21.% Yo (fron 0.5849 to оо Бот) wilh a 
relatively Small change in the reactive power 
delivered bu line Lae 
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Problem 3.60 
A phase shift angle of 0° minimizes the system losses. 


<a 





Problem 3.59 


Real Power Losses (MW) 





16 “0 45 ° 5 10 15 
Phase ahift (degrees) 





Problem 3.61 
An LTC tap setting of 1.0 minimizes the real power losses to 13.489MW. 





Problem 3.1 






z 


> 


Real Power Losses (MW) 


13.5 


0.85 0.9 0.85 1 1.05 14 145 
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Using (3-851) and (5-8-2) 


13.8 
A = — 2 255263656 b= 1228 (до 
* 84s (101) gag ^ omn 


Cz & | ь= 0% 03636 ]o.o4 = 6.90909 
From Figure 3.25 Ca) 5 
с e, = (0.90907) ( r | ЕТ: Рет ont 


O- <) еа 


(0.0707) ( ir = -] ав per әзіз 


(e)a = etian oso шау nig 
bwt 


The ger-u4t positive -seguente network is 2 


Fx, -Їїсая Ти 







- 
Rz fies? Vi 


am 


(ег nit acmittences are showa) 


%.G3 





A RADIAL Limt маты TAP- GUARGING TRANSFORMERS AT Бота ёр 


\ жамы Be tatas " - а 
= 
Ny 





\ ks ы. 
27: = 1 
V, AND М, ARE THe SUPPLY PHASE. VOLTAGE деб ME LOAD PHASE VOLTAGE | 


RESPECTIVELY, REFERRED To ME ман VOLTAGE Sine. Vs AnD Ve ARE me 
PHASE VOLTAGES AT Bom ENDS of me Ne, Eg Avo kg ARE THE TAP SérTiecs 
IN PAR UNIT. THE IMPEDANCE Z tactup€S TUG Ling IMPEDANCE PLUS THE 
REFERRED үнбЕФАНСЕВ OF THE SÊ ming END AND THE RECEIVING EUD TRANSFOR MERS 
То TME МЕМ чот ACE SIDE. AFTER DRAWING THE VOLTAGE РАА 506 DIAGRAM FoR 
“ae KYL Ves Ña (в, NEGLECTING THE PHASE SIFET BETWEEN Vs 
AND Ча Аъ AN APPROXIMATION AND NOTING THAT Чет Жей AND 


Vg = tg q , AY CAN BE Suoww THAT 

AA ASA 

Ra е х Q 
AV 


WHERE Py AUD Gy ARE ME LEAD REAL ANO REACTIVE POWERS PER PHASE AnD 





Y- 


A AS ASSUMED THAT tot, = X 
Eu OUR PROBLEM, Үд = * (A50 xe у = 40 MW 
Awd а. E % (\50хо.5`) = Bo MVAR 
ct г! 220 
Veh UE ҮДЕ zOTTT ұу 
= 
` 


y= Pace” 
(23/B у” 









be LS CALCULATED AS k 
s = vog Pu 








Aus te ` Š = 9:926 pu 
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8.64. 
wits THE ТАР SETTING Ë < 1.65 , BM s bets оо Фу 
TUE сикабыт SETU? ч ÀV < o.o5 /e CIRCULATES Айоуыр THÉ LOOP Vat 
Suren S oleu ; wim Š cuesen, enue A VERY SMALL FRACTION of THAT CURRENT 


(6068 төбөсоаы тий LOAD IMPE BANCE BECAUSE IT IS MUCH LARGER THAN TRE 

TRANSFORMER IMPEDANCE. бо THE SUPERPOSITION PRINCIPLE CAN ВЕ APPLIED 
a 

тө AY Амт Tue SOURCE VOLTAGE. 


EROM AV Ахан, feud e. o8 | 40.2. = = 6:25 


ммм AY мов TED, THE CURRANT іы EACH PATH 19 ONE“ MALE THE LOAD CURRENT: 





Load Cu&REntT үз _ V? = 6.R-de-G 
B+ jê 
SUPER Раім YIELDS; X = o4 — Ye (Lie. = 6.4-30.05 _ 
2 e 45% -С-49-263- ө.4-10:65 
ын . OAH Gad a Cm 10:15 Ул 6.4 - 46.85 
° 


So mat S. 0.44409.05 тоо Aso S s 0.4449.55 
Ta хү 


TUE TRANSFOFMEE Wit THE HIGHER ТАР SETTING 15 SUPPLYING MeST er 
TUR REACTIVE POWER To THE LOAD. THE REAL POWER ҮЭ DIVIDED BQuUALLY 
GETWEEN Төв TRANS FORMERS, 


NOTE Aw ERROR IN PRINTING . IN THE FeuRTA LINE OF ME PROBLEM 
STATEMENT, CIRST Тү Susp Be REPLACED BY Та AND within 


@RacKars, Ta @woovp ФЕ REPLACED BY ты . 


“Яс. 


3.65 





SAME PROCEDURE AS i РА. 3.44 19 FCeLLoWED, 
мен ba vo {3° 


аа beta vo [D =| /0° = 6.0524. gats" 


t 6.e524. (98-59 : 
E oree 3 esaa 5 а 2624460666 
өза Ls 


Тағы ic + в, 4-46. — (o 26249550564) & o. A88 -3o.5o1 
а, 
í 


т. oO. je. 4 (4۰262 + j 0.6% 10'662 -jo 124% 


= s бэл ла, n e a : 
S<. PEt HRT j Sic e662 jonas 


THE PUASE SMETING TRANSFORMER l5 USEFUL To CONTROL THE 
AMoumt of REAL PeWER Flows, Buf HAS LESS EFFECT ӨМ Tue 


REACTIVE POWER Flom, 
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CHAPTER 4. 
4d “ 


€ 





Sue Q 


Rae sete Е A 





(17. oc) (100 1,016) 
nS 0.01550 ПЫ. 
—== 1000! 





ni3 Aloe 
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che) 3228 





-(28- 


5.12 


<= 


(as 


THE мамама, Woaigevit 1% Suewn SE Low 





THE TOTAL LIME IMPEDANCE Z = (@.1826 > Л 9184. 10 : 18.2644 18:4. 


= 80.5 [7684-2 fp. 


THE LINK ADMITTANCE FOR 100 v 16 


V. \ ОС م کی‎ à = \ _ e : 
Ye — LAC = ss (32. o. sas i? 240 S / 
> < tos л 
Cb) Va = 230 /o' < 192.8 [O° kv 
Б T& 
Le = ео м 105 [е = 


502 [6 А (>; unite Power FACTORY 
аз» 
ї = X. Va (¥= 502 Lo" (B280 (e-271 элё ® Дав") 


= 502+4 55.86 = 502.3 L409 А 


THE SENDING END VOLTAGE Мат 152. & |0" (о: 5оъъ /4-o3 ) (26.5 [ 36-89* ) 


« 135.182 44 40:01 a 14 418 [16-04 Қу 


THE LAWE-To- LINE VOLTAGE MAGuTUDE AT ME SENDING Бы» 15 „Ја (444) 


4 = 250.184 ky 
142 Ia ES = 502 4435-86 «(Aa ЛА /16 02 (оол (ae 
= AMZ ад 13.46 + 496-7 (%5 A 


_ ° ° 
SENDING END POWER Saca (144.32) CoAT) LLG eq" «5 


= 2\%.53 +A 28.31 МАМА 
So Раф = 215.88 Мы; д с 28.54 MVAR 
<) 
REGULATION = Ма-МУа 


LAATIA - 152.8 
— — =< OH 
Ve 132-8 





= 12.9 = 


ба» Ұо- о.ч5 [81° = 0.023551 +J o, 4443€3 


| 2 
Y. 6.62355} 40.449 3T3 4 
el = е е = 1.02.5851 |o. 44163 2 


= 0.421190 + {0.444765 
-KQ = 0.620551 „До, ya ses 


e е € = 0.476314 [-0. xe: radians 


= 0.87495 -j ©. 424277 


p X0 -7 a Я 
cos (EA) = e.c Е (.Азалко--4,4ч4765)-(.67475-1,Ч2:4 2167) 





72. x 
astle) = 0.400465 + 16.010232. = 0.9010 [0.65012 
—— Per 
ыт 


Ac lterna+ we ly 2 


Cos H (e OLISSI +i, 444383) = cost (4 05S5!) cos (444554) 
ш radians 
+ {sing (.02:5551)518(.411383) 
созі = (1, 0002.77 | (o400°NNS2) +4 (60%3553) (> 4344 (0) 
= 0.400465 +i 0.010132 = 0.9010 [0.6551° 
= с рет vary 
1 A гэ WR = 2 : š , $ Ç: 
зама) = E “€ _ (larro H ot 44763) ~ (6 8177S), 4242207) 
k = DLL PTO ECP ML атта АДЫ 
L 
= 0.021215 + Ja 434530 = о24350| 87.20" 


Tanel 0/3) = Csh(¥e)- 1 (.о0765-4-010333) - | 
ама) T O«43So / Mab” 


- = 0094 035 ۳ 010 
* OO NONI о, 699 542117418 
О.Ч350/ 7,200 я 
0,4350 LS 


Taoa Xa а) = 0.2239 / $640 рес urit 
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-Н-» б,0341.35 |.асіз [85.165 
: — = 23 
четко 4,4 KID" / 10? 
Че = (71851. Lote 897° = 282.6 аар MAL 


YQ = 


(à wg = N34 (= НЕ 
= 062.16 


871,559 = 0,03657 + 3 0. 





(e 


652-105 


А = Ü = cost (F4) = созу (s0265"+ Jegalos) 


и 


сози (602657) cos (662108) +S (o ©3657 (6 62108) 


— A 
rada s 


(ьдоотез) (o, #15268) +1 (+026 5131) (+5818) 
6,313555 -410,01S t3 = 0.8137 [1.0592 


Ч 


5 inae) = 


Sink (cores + 4.62105 


Per омж 
— rasl ians — 
$198 (+05667) соз (einiog) 4-1 Сосн (orbs) s In (62105) 


= (rozesn(. 1320) +Å (1.090553\(2 581889) 
= 60.05.1604 Í OSEA = o.5825/[ 1.92? 
В = 


Ze зон (82) = Без. [- asso? )C- $825 / €T 7°) 


% 


n 


16 Ч.6/ 84229 са, 


a 


- 87,687? 
С Ce (үл) = OSTAS LSI 
i < 
| 


41.6 ]- 24509 
C = x, bores | 46.22 g 
| aa 


sts 


ze Vp = м 9 отъ AS kv, 
ї,. Pe 28" „ ве /9 — 202 fo” КА 


Яо ` Frees.” 
Cay Vex AW. e RI. = erat (Баяд (211424 164-6 [88.4% (V2025 
= IAAL kv j Ves ЭМН: 54a-S VLL 
(ы X. CNg тр. 2.004075 /ао.в2° (очта) otf. оза? Cu. 2629 
: ања /МАТКА у р. inasaka 


©) (5), : со (BLR N° Y 3 сызлау аз, LAGGING 


95 ъ=: s Ма u. Ts (25), ھل‎ 544.5 ( (34) оч, 
= 10603 мы 


Кашы. LOAD Ling Losses = Po- Pet VOGT mooo a GU Mig 


> Vae WA e 544-5 /e-eiar. 664.2 ky 


= (Bde 


ЕДІ TAME А.А. THREE ACER ыса сон2истоё5 PER PHASE 


A.9:9369 п. V 
ы wi EO kw 


= 18/4 = pis aal . = 264.4] - i а. 


A to" над 2 доля аб А0 


Ф) ХА - PE Lx 0836 x4. 807 x 156 / R6 ead (зову 


= оюма јо ъ8\ PU 


= 6.02 e | км 





(ео A= D< Сол (МА) = cook (оөз jo. BBL) 


4 Cosh о ом? Cho 8) e Ó жымы оом Ada 9. ха 
A ed... 


2 9,9285 х 4Д0.004\% т 0,4285 9.258 veu 
һем TÅ = At (CERE ло алу 
нуи + 4 Солҳо өй Aso Sgt 


Жад. 
а 0-0хо45 =5 0.597115 = 003116 / 83.34 


Be Be Ash Ч = 2.64.4, | 0л" (° љт / 88-34?) 


= 99.25 / 86.69" m... 


ё = Pench / ёс > вне 2а аса гэл”) 


- ° 
= A05 x to > / 30.04 S 


= 55 


Vaz Gol ) [e 222 {9° ku 


(о) = .!999  / саа. вод /-25-а КА 
wg s 2 





Чез AX e Big: 02854-258 (211.7). 98-25 /86 24 /(-8:41:28-54) 
= ST 4 [24-42 Wu s Мез arta В. e52 kV 


Vasa = М [А = 65%-4/o qa 85 = Tonk, 


LJ 
| 2 ук» Маме = Var = Мат ш eee ae aloo = 46:77 
Và eL. 480 Š 


(by Vas oazes о 254 (олау 48-25/ 86a (вод. (87) 
= BRUA Dae kw у Vg = 3248. 556 КМ, - 


2 
Veur = Уз [А = 5567 [0.42.85 = 594-5 KV 


599.5 — 480 


Ф 
хїе0 = 24-4 
4.80 7, 


© NR = 


(<> Vas 2513/5258 + 1.24 / 028° 


254.2 [Aves Niy 


Vs s 25v2 Je = ABSA kv. 
Ve м 7 Vs [А = A354 [ 9285 а 468.6 kv. 
68.6 — 4.80 
% Vg = a х Yoo = — 2:47, 





4.80 


»134- 


4, 
> 
и 

> 


= 250 (озды w 5.168 зге У Ga". ad 2]2 


т 0412 (8а-537 2 оос ъд. 415 = (SERES L 


E озбАЗА След? - a£ [2 t Дод: [28-48 0. 
“Bes nee 


6 
и 
ata 


E 
Ме,» 215 atzena Lo ky [phe у Te: 125316 
Té МЗ, 215 
в. ° = 6:645 
e 256 paar whe EN ° / 222 o. Baog [154 


ASA Ra 4195 лаг ср 2 soa Liane 
2. 





loz зээл ја? A 
Сем» < > t 


Vs = Ña zi ok х Tk 2. ЛУКМА = 
= (24.13 хо. чад [L2 4 + (0-ъъбт х дос. 4 (8-48 x о.двал /84а2 7) 


= 11.86 2312117 ky 
LING -To- Ling VOLTAGE MAGNITUDE, AT THE SENDING EAD 15 48 157862 228.&kv 


Xs s Ya ea VA х Че ASA TA :(ъъ6 лхо ваза [1.54 уж 2.255 v oa ont багаа” 
Že A 06-4 [-5.48° 


= $352.21 [26.5% А 


SENDING END LINE CURRENT MAGRITUDE 1S ФЭ?-ЗЛА 


Peces 5 ҮЗ (238-8) Gora en (22-11 '- 26-93 ) = tal AS va 


Qa (sq) = VS (2388) (23231) aim C2717" 20:58) 5 3454. kvar 
VOLTAGE REGULATION < Къ 26/8. 214) D 
VLA. VA huay 
(Note MAT AT Mo LOAD , Гозо; Ver WV. [ее А) 


Since pc 0.415 | зээ + 0.002065 nad/mi 


ТАЕ WAVELENGTH * = 2% = „сш 
6.602665 





= 364.5 wmi 


AND THE VELOCITY өр PROPAGATION = ЎА = бөх Dok 


= \82, 580 mi/s 
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5.19 


Choosing A BASÊ OF 125 MVÀ AnD 215 V, 


| 2 > 
EASE LMPEDANEE « ASD 4 anon, Базе совета ЭЛ. 4 2235.1 A4 
125 АЗ 4215 
= оба Lo 5. Ag" то. . 
So Gg. A99 ESA „зав / 548 fu S No ҮД vo 





ъло 


ThE LOAD BEING Ат UNITY PF, Ips vol? fu 
ee МЕ = Vg anh ХА зааг Auk А z 
2G Lo хагвасд Lesa) «ООС» vont [58 AE s o Sn (B4 837) 


= уема 2235 Ро 


tes Хе Cah ҮЛ + Ve As TA 
è - 9 vo 207 x 0.4 5471 [84.93 ) 
= Саена дз d Sura | 


= ода /26.ъ5° PU 


АТ тав SENDING END 


LIME“ Ton LIME Мот АС МАДдмУТир z ММо2х 215 


= 2ъ8.1 kv 
LANE CURRENT MAGNITUDE = O'A* ъъ5.7 


= 075-205 А 


“13G- 








- 2 2242 ъъ 
Е - 
Then Аз it 335123 dor Wek Is Coh Л 
: 22129 x= 
Ба Bl `< EX X ЕТ. мэс Zo AUTE 
© 12.6 5040 V. 
ёо. ом. 1+ FEE, EX ue) 
2 EN Ze 126 5о4о 
Da А 


K. . 2% 
А чу = \ = 
moe ТШ zY =—— 
ъъ. Z0 eI) 
& ow ceu Rt 
с. a x 
Cb) REFER To TABLE S.V of тас TERT. 
FoR момант ссыт: Ас 2 Y 5-8 
* 2. 2 
TUE RT 
fot EQUWALENT = R7 CIRECUT ` 2208 x ‚ Б-Е 
> 


-197- 


Vet Š ë EE = 
в «ct (Bê Ç 1 AX? 
Эрс Re zl R В FEAT, 
HENCE Va T с = 2 
=. 7 = - W был 
5 За + ade A Va ig + Velg BA £ Š 
“I R 
Р ы ote Қ SOC IT. ш Vé 
te А - 5 s * Ve Le 
— С 
Vp Ж. ду 2 x 
R ^а Vs Ta 
Now B= Vs - АМ, 
— DE == 5 So&Ssniunua TE А Bove, RE SULT 
2 ONE Ge TA u E B Vs V. (СЕ * Va 
- 318 s < Va Za 
ج‎ H 








— 2 re; 
OR > - Vs mu 
— - 22557 e 
Vat, * Va 1% 
5.2.2. 
. €^. = 22-6 > ---Я 
Á = b аа Wwe X = е А = x = 
2 2 2 VY 
-2 ui اچ‎ = 
oR Хх —2 АХ хүлээ SUBSITE, Ха X АХ 
2% 


AND А а K +j) A. , ONE бете 
x 2 Я . $ 
м My € LA XX -2| АЖ А хо 44 САзх, TARA [else 
ХҮС. Lye e р 
WiC леле 5 x, -zam {А-А vino ) 
o d 


Амь eX, As A x о 
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525 ges vata TU саясы”: 


em 4 4 
-5 2 Be \64.6 S.A = Зла ДСА JL 


ҚЫТТА 2 = ЕВ: 3. 
о.582.5 {вл BT 
2.626 | єл. 55° 
< (64-6 [85.4% {AL 
x Е Cy Е = Axe х боо 188 kank Да) 
Š GI 


2. 
= (ха «м? /a8) (сеому43-1 
: XA ЖАҒА 


2 2. 
" ба x w^? LAP Jf (o. 913585 430015462) —\ 1 
0.6216 jaa. SE" (o. 848 
ЗАВ [81.55 (e sexs (881 3 


= 0029 / $54 (5667) 





vixi ? Lae L өз —°.\6° | 


н 


1 Pel - ` - 
G + 1 лък засаж $8 A jvc ug? 5 


22: 


SF 





Equivalent TT Суз», Nomanal “TT бөлесе 


vu 314 iS Jno Smaller tun R= 15,0 x 


X = 164.1 < 15 6.39, Smaller ғал X= 115,92 
i = 4 کر‎ а 2" * Эн) 
Міс 1,139 x 157$ 1$ 3-4 9)» larger then М tel хіБ? % 


Т ~6. 2 
= Bel ° С . 
G [x €$Xlo 79 is (мЫХтодогод into tre equiva let ТГ cerceite 
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= ص 

2 = B= 42.25/8e.c2 0. 2 5.613 e 88-08 01 
t m 
Хос (Xš + үм мә ае" x зев) соо TÅ - 
2 Ec pion TA 


2 
ELI OPE 3286.4 je.on 4M =t 
қ хор (ева а 
(= 5 [^ em зво fe 8.500. ъс arid 


= 7.2% (o ^ (ad e 5:611 jo oo ANB 
6.9768 / 116 1? 


Sp 5 
= бөл» + 7344645 164 © 


б.а. Jes E 


Ze 5:615 a. jagoan A ” т. 
® Ax = * е jx 4- 


à es. 1 NR 
_ a G^. ке = 3 
^e “2 eatas Vs Ч лээн: % Y T Ч, 


э47-244.«4 
МоғАанАқ W CIRCUIT 









é 








&QquivAL&E «Y Tt CIRCUIT 


R2 5.67500. 35 5-857 SMALLER Waw R1 GA 
48.04 п. is 2:47 SMALLER тиды X= 100.5 -fL. 
@ /z + 7.244.xi ^5 vs 02 7 LARGER man Y[2 = 7:21 g S 
G |. = 6.54% d$ is INTRODUCED INTO THE BQuvALENT ҮГ CiR Cui, 


-мо- 


TUE LONA Ling WE GUWALENT Свет V9 SuowH BE Low 


= 2-2 анч 2 р 





es (e. 826 +40. .1 S4) Sl ем Фєв, CHASE 
q 


` -6 e 
2 4 В. Зам 40 Bft Р 
= Lz" 45.5 10d Ие Ве. = Feo Me Mae 











“+ 4% 2 Be HR + 160-99 (26:86, Ч: 45+ болме Zac 6 

Ё, * (М үл 2/жА = ө.4л2 Le? 5 & = bash AD. a ea e 
vix 

Л G Aii VÀ 





= 156. 48 [77.20 2. 


v 
hum x (кеен = e.54-6 х? Leasa 5 
2. 2 72 [s 


х2, = Зр پا‎ i = 502. 9e (32800 Jg) ( ө-валв х5 ^ Гала") 
Bots / 3.24 А 
Vs = Na+ 1,4 = 152,800 fg" 507.5 /8 24 (156-48 /27267) 


= \608ъ5 / 23.25 V 


(0) 8еюзыа END LINE-TO-LINE VOLTAQE MAGNITUDE = JB 1608282 213. C kv 


оо Жыз I „(Сї 9: 507.5 [8.24 4 160.65 (о 5416) / 29.45 + ваме 


= дз. аъ [18-04 A La > 482-434 
= голж 5 ° a 
€) Secagy? PVs ig = Ъ (160.858) (6.48293) [29:45 ~1804 


228.41 MW + 1464 MVAR 


і60.5ъ5 — 192-8 
CAD PERCENT VOLTAGE RE QULATION = — 4160 = 244, 


5:2. 


pe 


© 
Соз 2. © & = Jona š = 274-9 اگ‎ 
Үз p 
ы МА FF А. [Ges aai (320)= j 0۰3458 eu 


ссу ҮА = АВА 


5 pr = 9.5458 Фо 


= В = Cos pk = Celo nasg radians) x 6 422719 Pu 


.. 


12. л pA = j QTA) As (e 3488 леа У 


= À) om] n. 





ЛЬ ALEX A 23 An (o SR radians) 
3) pr = 4 C 


2ла-4 


-1 \. дад. x $ 


саз В = ВА [А = о.заза/звв = \.злаж 12 Nedt eno | kw 
№. 2п/р =: 4766 kw 


2. ?. 
(е) SIL = Му „кед Lek (500) 





= 409.4 мы (3%) 
Ze 274,4 


5.2.7 


s’ > . 
Z = В = 4 les ey 
ALTERNATIVELY 1 1 


mj - 


5.28 486) A. Ph (доз 822) Dio (4: 5488 ладана) 
РА 6.5458 
= loga (064141) = j 19:38 л. 
Fal өс 56 ` a ей йм, 
r š X Л CEL) k. (8412) „ j mes es L дааа Hana) 
ET 0,1444 


атах Суөн) < 47-295 xio? s 
=. j 105-48 n. Ха 
“т 
т Fa 
№ 


poser T: Ve 


EQUIVALENT Ti CIR CUT 


el 


5.28 


соу Ve = Vg [А т 500 / 04227 = 











= 5414 ky 
(bh) Vp = Vg = Sookv 
(с> Vg = сад Vg + j Z. Aw pA [Va [Cs 2.)] 
= [egt +j 2 Awph | Ve 
Va = leet +42 As pd | У, 
= > = 399 = 6 kv 
Б М + W208. 
аж «аза +42 Ain 0.3۹5 8| 
V. V 
(у Р - 5 к. 500x500 - 2354 м 
ГР? x 105.4 6 i: 


= VAS 


REueRuinG Фвае, 8.4 : 


(о) $ 4e 5o6.n./ km 
Аз D = ax Ys = Ue 3 (2.22 x10? Lad) (50.6 Гев") = өгөв ео 
Ë = Z= 3 < j 5e.6 а 
2. Š Yà 
С = Y (i+ Ч)» 


$22 x15 ^ /39 ( \- 0.064085) 


3.216 x w^ / 3e © 


и 


в = 9.9918 (125.9) 458:2(0-1445(-28-847) 
s 146-4 [14268 Юм, 
Va x 146۰4 5 a 


254-4 kV, 
Ve нь = Vs [А * 2544|. 


> 2.56.5 kv L 
° М, -Ч, 
4 ме. RNL т. EL 


xeo = 256 5—218 д = Yi T 
Ме eL 21g 
‚ 5) Vg = oars (125.4) + }50.6(«.ладв Zes) 

а \24.86 +Ù 402 = tar2 / 95 ky 
Ng = $382 [S = 227.2. kyi, 


Ne ис Vs fA + 221.2 [o4 18 = 224.1 kv 
“ VR 2 221-28 ag 5.08 Z 


218 


(ез 9: 


9:938 (125.3) +4 50.6 (o naas /25:84* ) 
oT. 24 442648 + Миз.» / 13-63" 

Vs = мъ-ъ [S = 196.2 kv. 
Мамы. > Vs [А = Хавар оаа = 93.4 kv 
ys УР = атаа ~ 4-227 

2.18 


“|44 


5.29 WERT, REWORKING PROB. S16 1 
“Самар. 


Соу Жез [R8 5 [ios [ismas - 264-5 
оу vic [8 ЗЭР La fers Gast Сзову : j0. 38071 PU 


(су Az Dr бо» pi: + CoA (o. a Re An Ales NE DALRA FU 


Baj Ze ЫА = 4264. NOE EE 









ё: iG apl = 4 uu ухна Medias лус удав элё? S 
= La (Peg 153 


5- = үз. = | L. 7 
5-50 е 5 X ы 
этер (вах 
5 F R 
== je | )ہا‎ B28) Un CREB 


So xt 
Characteristit 
умар ezawce OF Geometrie Factors 
тее $ pace 
vo here, faze.” - d an 2m. 5. 
6 (sem xi! 










1 


2I е (Бев. vro |.» (exe 


а 404 [bs c) ) ü 





MES Ep 


Ly (D. 
— ( еы [Ds \ 
Free Space T 
veloci oF Geometri, Factors 


ЕЕ 





& 
3.0 хо 2 
pa СТЕ Gs s 


- i ASH 


5,20 Conta. 





For tye 765 lv hue in Example §-10 , 
3 
Deg = ү СС) (аа) = 17.64 ма 
Deis LOAI V (ses (o sen? = 0.402. гм 
Ч 52.28 
Dsc = 1.041 Мае] Goasy) (очен = 0.213 ^4 
L 13.64 | 17.64 
Ler xl Мат tn (SER | = xe". Sh 


мэ = Brno’ 019164 | cara) = 
Ln (11-61 (зэм) 


2.46 x10" 48- 





- 46 


5з 


ширэнд! 
(Оз: FoR A LOSSLESS tine | Р = Gio = an 6o) j о. коом wie? 


2 ә.өв%264 nad | ха 


m fs. =a" 
а am v 
& т Lle = ex 5 = = 25045 St. 
G-OUSR id^ 


V&totAtt аё PRePAGATION Ws —L = \ 


& 
> 2.944. міо \ |ә 
gue [saa ко-омб ны ° 


AND төв Line WAVE LENGT 6 Ya asl 8 = demens дао Vra 








(э Vg? 203 (9 kv = 288-675 [e kv 
> 


| басы: 59% Lone B= Зоо боо HVA = tooo / 36-37" үүд 


eg 
e > 
- по» - -56.81 

їз Skea | چ‎ = Qoro тела ую 
3% 288.615 LE 


SENDING EuD Vourace a= оо(55 Ve < á Z. ЛАВА X. 


= МВА (75931 A 


РА = e.scv2Sa w boo < e.217 лай a 21. G AA 
"Vg = o 4245 (282.615/9 4) (220.527) 0-688 (NSA rse BTG) 


2 256.595 [lé kv 
SENDING END Lin€-te~Liak VOLTAGE MAGNITUDE П 356.53 


i . X = Gi7sakv 
Xe = эн е T 
g" 3 cg ОРА Ve «ong Z, 
= À i н; ^ e 
^ 4 сарды ° 688 (212.615 for) 10% + 0/9295 (u54-31 /- 36-87") 


= 4о2.% Lerta A j MNE CURRENT = 902. A 


y дж 
Secagy 3 Us T. = 3856.53 Доле) Goas Lana Суур? 
= 300 Мы a 3 534 +612 MVAR 


PERCENT VOLTAGE REGULATION = (356.55 [0.9245 ~ 238. 615 
إت ت تد‎ | 
288.615 
= 292.8717 


-{а1- 


5.32. 





(ӨЗ Tue Ling PHASE CONSTANT л pi. 27 d ced = 3604. Эбе 
> 


е oT 2 — vs 
FROW ME PRACTICAL Line LeADABLITY, = 22.68" 
Pog? Bi Мы GIO у тоо = Cr Cora) BLD 

Aim ВА Ava 22.68? 


* 


“ SL + 4498.8 5 mw 


. Оч > 
жыны ымы) зз; kv, e | =. (Sz. = (R26) (даа. ву 
< 


= Aeoky 


Ain 26.87° 


(6) TUE BAUIVALGAT Ling REACTANCE FoR А LOSSLESS LINE 18 
Хх. 2а AwBR = Brol dem 2268) з 123-34 да. 
FeR ^ 6834655 LINE ‚ THA Өхмом PewER THAT сам BE 
TRANSMITTED UNDER STEADY- STATE ComBiTion OCCURS Бод A Load 


ANGLE og аб’, 


Witt Vg = л Ро = д.оо kv Qu), Vg 20:5 PUR o. (A00) kv Ону 


THEORETICAL MaximuM Рош а (496) Co хде 
12,5. 
= 4167 Mw 


-\4&%@ 








(оз N. = ے2‎ т, SINCE THE List 1S TERMINATED IN N Bie 
= Е - YR ~ Әб Spe 
Then N = V, Ссл TA + Mih TRY = Ve . уе sin 
= a aP 
T = T, (Conk УХ xS NC z Ig г A BE ot —) 
2: 4 B Va = 2. доо (мель: Ys Р) 
X, ti. 
~ a 
SE. hee ХУМ, g o Мо. е From OY a 
У 
<> Z= = e= | FRO M (2) ш. 
E 
ee 
СУ Sa t V, 5) = V, e Ire € 
= шаар 
= Sp © 
5 — 2 Å 
THUS m Sas асе" --- 
Ë wen is (xl /it) 
© Nanna THAT of 1S REAL, 
~ Pa -2x1 
Z = =: е ——— 
ЦЭ 
5.34- 





А 263 2 
Рок ^ LOSSLESS МЕ, Жаз Ë ر‎ &&(5.4.25 of tex« 


Wick 15 PURE REAL, C. e. RESiorive, 
~ ` 


31 15 PURE табайт. Ë = со [SS 
Ke CE Я ic gp EE A 
м, x, За e. 


Fas Re (015) Re 2.1? 


>: 
Z. L Swer Z. XS REAL, 
20068: —— 

2 Сы, 2 V, / БА 
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5.55, >. 
OPEN CiRcuITED => то LOSSLESS 2» «за; Үр. 


Sweat LINE 5 NR У, 


š 2) 2 " 
MEDIUM LINE S NOMINAL TC 4 V z (1+ £D M T бал Ум, = 


pea 
Fe 9, cek УА SON, eX 





LONG LINE : Боом. w : 


NOTE: ME FIRST Жы TERMS {N THE SERIES ExKPANSION OF 
2. 
Con eA ARE C0 
2 
WHILE M, Мы IN THE CASE oF SHORT LINE MODEL, 


THE VOLTAGE AT TAE OPEN RECEWING END 15 WIGHER 


йг 
THAN THAT Ат THR SENDING END, FoR SMALL ВА, 6R 
WE MEDOM AND LONG SIN E MODELS, 
5.26 N 
вом PR. 51 ёосолхом, SEL еа. С 
>. м « AVE (€ со фүх X Ai ух r Ce we) 
We se “Чы = R £ 


| ers 
Using Pa Ve X mee Ane бз ЫЗ шэг „эреке 


g Ж ! (ex a^ Qu x 3O —@ 
- Ns x Ng жорна а УС 
IN маса ONAY Р льо A УАВ, 


Бов. MAXIMUM POWER, АР [ а 2:0: 











Ж: з 
де _ СААР WueeE Cs ® I 
PU: 294296 Ve 
2. 
Ne Хх 
Кыт FoR AP 20 ر‎ бот - = 2 جنه‎ 
da K+ x 


Soeent nes ME Above in @) AFTER Song. ALGER 


ONE GETS 


BAC GimPLAFICATION, 


ә 23 
Y - `. : тов - &) —— 
МАХ z Ve 
B 
where ZÉ = gx 
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5.57 


H 








э. : я y 
Ж us fF uy aP 64 








PME 
WHICH IS THE PoweR Seat BY №. 
2; P х 1 
= Y E NAV, Sl -36% 
ai = оо e = 2 e ©. 
z z 
2 * . : 
= V MB VV AME mdoa 
боо — S. — > 2 e 
2A = е. E mi e سب‎ (2) 
WWich AS ME POWER RECEWED BY У,. 
Cb» 
C) wim Мам, sto 
ЗИ 88) алған аларда 
ee Lest =i Ls РИ 
- S47 — / 85 Rd (15 z \111-- 46: ооз 
END Vau V. = 


alt AND У, = о. 
Sus UA LES ~0۰44 /а5° зо. \а\1 4 02142, 


- S, -oedi/89 e 009 /75 < 1 


4 
erat выс, Vas HAS нот CuAw AED MUCU 
Л 

a 
But Qu, ASD ~@, WAVE CHANGED Con siDERAGLY. 
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Frown Pre blew Бі 


Ас б.%1%Ъ'] 20531? per Аз5.3137 Oas 1.0849 
watt 
Be = = 164.6 LES ats роч.еъ Өс 35.12? 


ое ё4(5-5.6) 


| 3 560)\(s00) ә > 
Танах em C.F cue (sun? 1, оет) 


16844, 
Panas = 1918.8 — 13341 = 1347, MW (2-ғкеке) 
For this loading At unity power Factor “ 


‘eye Жалал " 1397 5 


——. = ———— š Beda 
VT Vara (9 8.) NT (seo) (1-5) | каф 


Fro. Table A.3 jte wêr vm <l let for three 
Кезі ууз hewil condvetors іс ICIN 2.53 м | phase. 
The current 1.13 ША Correspprding to “the tmeoretical 


Steady-state Stability [wat vs well below the termaj 
hes o£ 3-33 BA. 


~52 


=> LIRE. LENGTH 5 266 Vk 550 lew 
2- (--) + т«/-ааУ 2926 [ozas 
TR QS) 4 0.2486 [ 8155" 0.6838 [ 87.55" 
A-D (тоу : 0.9694, [*: 154.4 o tet [136° 
& CA + easa (88:45 vIe G /88-57 
с 3) 4 eo xo */A0. 08" 2.25 6x16, /ао-ъа" 
% мах (MW: B2ar 1284 


THE THERMAL Litt OF 3-sakaleuase CORRESPONDS To 
J3 C500) (3.59) = 2884 Mw AT sooky Aum им\тү fPowER FACTOR, 


SA - 
—— Azo -42a5/oase Фа, А-о.4285, Op 20-258 


& = 3 .4805/8664-0), z.42.25, 9, = 86.64" 
(о) она tq.(5.5.c) 


> 
° . 500x500 _ 0.922 5 (500) 
R Max 98.25 49.25 


= 2544.6 ~۱141 а 2397.5 MW 


CoA (86.69 o 252") 


(b) uswa &EQ.(C5:5.4) мити $:e,: 





= — A Vè * wO. o е 
о, ы ve Ain (Gg = 8) = 0.4285 (S00) А (86.69-0-25€) 
2 3%.2% 


Qa x ~ 2358 MVAR DELIVERED To RECEWING END 


Ос + 2350 MVAR ABSORBED BY LINE Ат төв 
RECEIVING END 


RECEIVING END PE = сеу (tas! 88) = ee Eas? 2558 
Pe 2.8905 


= 0:115 LEADING 
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= ЗА. (оозе +à O65) iwo < 9.8 4446-5 m. 
1 z ча = CÀ 3.524. лб ) veo [2 = j o nez mS. 
: 236)" 
Жала 5 Mi bane | Bites C 43) а 524 
и. Be (8:8 4446.5)/52q = с.0\66 +4 0-088 vu. 
X. 2 à o ме /CA/e ал) = 49.0952 bu 
2. 


THE Wota wat W CIRCUIT FoR THE MEDIUM LIAE tS биемм BELOW: 
Р $.8.n. 


КҮНІ 


e:0166 bu До, ав 
Деле. ms 





43628 
| үч? | (4 e:94321 pu) 
Cb) 
5. hated 5 N. faked І лакей 15 = 230 (6-4) [5 : 558.5 МУА 
єў А-З <+ м шал ала (BB хД 46.5) Co 62 AT. e.418 fot 
5:3. BBA 46.5 = ALAL LIAIS 46 
> В > ç " 
аз Үл ах = @,\955 /30.04 ms 
2. 
ca) SIL: Мон / Ес 
z < |% вова. ДСБ | 
5 3 jas: * ю? = 366.6 [55e 
бу 51. x 


2 (эзоу/ 66.6 


14.4..Ъ WA 
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5.42, 


РА = 324 Лайым = «(384)» ie 22. (Soo) = 56° 


USING Е. (5.4.29) of Me TEXT, 


«60 


Voxa 4 CSU) жа ъс. вл? 
УУ ъс” 


z Vxo:q x sit (0-6) 
0:5878 

FROM Мысы SAL. = 500.1 Mw 

FRom £G.(5.4-215 оғ me reat 


К.у SIL , [69997 + 500.3 ky 


NOMINAL VOLTAGE LEVEL FoR THE TRANSMISSION Ling 15 


500 ky 


! 


> 


-— 


Рок A LOSSLESS LINE 


м 


x ph‏ ے2 


FRM Ва. (5.4.2712 of ME TEXT 


Р 


ы €80070-4x506) 
Be max 7 


500 Aw BE = 243.4 а. 


= 765.6 MW ш. 
23.94 
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Problem 5.43 




















The maximum amount of real power that can be transferred to the load at unity pf with a bus 
voltage greater than 0.9 pu (688.5 kV) is 2050 MW. 
Problem 5.4.3 
820 
800 
3 780 
Š 760 
8 
$ 740 
a 
8 720 
б 
8 700 
- 
680 
660 
900 1400 1900 2400 2900 
Real Load Power (MW) 
Problem 5.4.4. 


The maximum about of reactive power transfer that can be transferred to the load with a bus 
voltage greater than 0.9 pu is 650 Mvar. 





Problem 5..4 A. 


850 
800 


Mo 
по a 
© 86 Š 


Load Bus Voltage (kV) 
[53 
о 


a VU о о 
8888 





8 


Q 200 400 600 800 1000 1200 1400 
Load Reactive Power (MVR) 
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5-45 (a) Using Ел((5-6.25) with $= 35° ¢ 


Е — (39) 38xseo)' š 
| ГЕЗ: 3 eeu 
164.6 


P. = 4198.5 - по. = 804. MW (three-phase) 





faz 804. нуу м e practical Due loadabthty 
provite "eat ture voltage Arop limit а-а trernal 
huut are est exceeded. 


U) таас f. = 80 = 0.993 ДА 
V VaL CP) \ (© asx SoD) (о 17) == 


©) Ҹ = AS + Ria 








5о5. $ = (0.8137 ов) Vae 167) + (163. c [e] (01134-17) 
2158.68]5. =o RAST Ven LEONS + 103,45 / 41,632 


2%%.66/8 = (o8 i36 Марь 710-66) + à (5. 61546 vagi 143.14) 
Taking ‘the squared meaquituce Dg tre above efa tions 


-- 2. 
$3513. 7 Олл Марь - N.33 Vae, + ATC, 
Eoluiwa Tre above 4U&advradyc equations 


1. 
_ 1133 + (илз) ч С.з) 6667) 
= = зи у, y 


Эн 
REL Е 
2. (0.6623) 


Wage, = ЗО: М = 641.5 Шур = 1.643 per owt 











- soo 
(А) У = Vals = 6.3159 ^ 614.5 Qvi. 
ES 614.5 = ь5 
Ojo V.R, = а = 17.8%, 
$2168 pe 


`(57- 


5:45 cewtn, 
=. M 

2 Fros Probles 5.27 ‚ “е gr mal hart 

‘Ye 3.33 Qa. лее Уан v, = 834-5/500 = 1.043 
15 AT&atev ean 0,45 лад the terma | 
lant = 3.33 A 15 qreat@r han Шарья. 
О.443 &A , the velteqe Arop һы Ana 
teal huit are not exceeded at Г, = 809. Муу, 
weregore, loadabilhty 1$ determined by Stabilita « 





54.6 & e 
“Т. Аав.4134 [503 TU; А.0.41%4 , Өл 56.092 


Ba Е: бо-48/®66°П.; 2.648 , Өз = 866" 
(оу USING €8,C5.5.35 Ww 62 89% А 


; ° ` 0.45» 500 : 
Ye = 500 (045x800) CoA (ъ6.6 саас лг dis uci) аанай) 
60:48 60-46 


n 234.2 222 = 2218 мы (345 


Pa = 2248 MW 16 ME LINE LOADA BILITY IF TRE. VOLTAGE DROP AND THERMAL 
LIMITS ARE мот ExCEE DED, 





(y r _ < OU 202248 


= ЬЬ PE ENDS = 2.71232 ka 
аан J3 Ves) JE 452500) (0-945 


(c VS > AV. Dig 
54/5 є (eaaa гот? Ve gh x Gogs [R66 (7123/8. ) 
% 


258 48 LS = (о: алза Ve ein 13:55) «4 (00016 № 164-147) 
TAKING THE SQUARED MAGNITUDE ӨР THE ABOVE 


2 
825555 . o S2C64 Vg eL — 25:G Vo c, + 21126 


SOLVING THE Абоче QUADRATIC EQUATION: 
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SAG сөнхэ. 


18.65 + 65 еоу 4 (43664) (6,107) 
_ во ey 5-22) + Ч (03664 (елет) 


= = 250.68 Qv, 
s 2.(0.9678) Lh 


Vag, = 250,66 Ur! = Ч3чы м, = 0.868 per unit 
for tails load eorr&«t, 2723 RA, Че 
arog Vert Уң [vs z 60.4% is 
The еса (Werte 


voltase 
exceeded. 

|) 3-33 A ц not evcaceded. 
Theregore ‘the volteye eros leat eee re. pug 

` lead bilita for dawis bue. Based on 
Уд = eS per ont, Шар. K сала ей aq 
Follows : 

Yee Аар + Ё Ағ 


боо е /5 = ө.4зң/ғ-оң (23825. m 19") es[2ee (т. (өзе) 
2988-68 15 = seca ле = 60:48 Leet 134: лу 
= (49366 Tye 2071.04) «j (69.281, х 942547) 
TAKING SQUARED MAGNITUDES š 


> 
623555 = $658 Xl; 2694 Ige, * 09971 


SOLVING Me QUADRATIC: 


2.С01 + /@бве 403658 CNA) 
Iep? PENEN. S ی ج‎ C 


20 56585 = 22КА 


AT 0:34 bf LEADING THE PRACTICAL Ling LeADABIATY FORTHE Line 18 


= JÈ (о:а5х5оо) 2:2 (644) = 1142. MW 


көлмен 15 BASED ом ME VeLTAGE DROP LIMIT Ve |Vs = 2.45, 
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S.AG сөн. 


(Ау Мм = М/А * Бо]. 415^ = ваза 
5/%-4.- (500x152 |2), 8:08 Z 


y че т 
Боо xo AS 


ал R= зоо hw. The steady “state заа Ы hueit 18: 


5-47 
E 500) qa) e 
fa (50010.46) (500) csr ge, бз) = (ткан) (визе) 20585. IS 6.9549) 


65.51 62.57 


Ë, = 2188,- 1.79, = 1414, мм 

7 22 ДВ 

Жаы = 28. = 1415 = 2.55 А 
ҮЕ Vae. С) (5) (.as<s o AM 


= Bae Зар 


Ae Bs = (ланче) (едь, 10) + (64.84 /es-159 a 3S / 8. ро) 


19$t.6n5]$. = (a 6" Ver, - 4.243) + Î (boost Vap, +165.16) 


Така Яхезфоагед magnitude £ 


2. 
35,555. = «9397 Марь T VEIT Veg, d- 26901 - 


SolviA« 
= аң, in.) 4:27 
чал eme М блату 4 Gastn) (54659) _ ТЕГЕ 


20-9597) 
Мар = 251817 = у AV, = О-В рег ont 


"Va |= OAS ¿s not satisfied. 





The  volteqe drop heit 
At the voltage drop мае 


теше» 


= А Хув + $ Тель 


s= (one oos) “SE est] даве) 


$ 
seo [s 
Е 


VG G = 


5 427 Coutb. 
298.675 Ss = (265.25 -3 955 Ire) +3 (6.1146 +648 Таға) 
ЗФфоагей пазро ales: 


%3,553 = 4236 ЕЕ. 200%. ag, t 18 679, 
Solving 
tap = 3263 + V Geox" „(чуч $86) (3556) _ LBY (LA 
2 4 234) 


“The practica | lide loasdabiht For tery aso Qs hue it, 


Pare = VE (495х505) ( 1,81) (.79)= 14997, HW 
at Ут. | Vs 7 6.48 {ег owt ad at O. P+ Пегаз 





() A= 600 Q у COREE Stormin 5141.8 (35:9; A$: e.286 635? 


ET бастына Cos(gs.sq?- ъё) — Cerea, Yes - Lat) 


ұс "966—222 = 694.3 Mw 
The practical live loadawlity fer this боо An. 
hue ıs 694.5 МАГ corresponding + Же 
Stedy- Site Sebi het 


м. 
(> ахь (эч) = 346.8 MW 
Soo 
Neglecting losses and Using Eq (54,345 


zoo а 37 о 

= (Mas sz) sih (355) = naro(sri|s чвора. v) 
Sin (az зөө radians) 
` 5eeoo 


Ф = 6%%,5 HW [ime 
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5.48 сам. 


4 Z45.kv Lines = 2299 „ү _ S qu с В Lines 
591.5 





2 
by Бов Бобу LINES х StS (506) à ањад ми 
i 275 


Pa 48 SEL 


= \-4® CVU) = 1245.5 мы | Line 


Ж 500-kv unes 2290 4, a GAl of A LINES 
\ъ46.© 


2. 
(<> for 165-kv ines, SIL > 00185) х 2250.4 мы 
260 


Pe таз CSEL) = 1-48 (2250-4) = $3313 ммм цав 


> 


22060 
$*7*135 


жа = OGG сі c 2 Lines 





я 165-Ау Lines = 


“62~ 


3.44 


pd 


CO) uswa ва, 5.4.24): 


Vxo 8 (SEL) лу эн 
Р. iS ee = 48 Сек) 
>” (LB Sooo Radions У 


Р. 1-4%(тъас.а ут S873 мл | 345-kv Ling 


$250 qs BA м q LINES 
581.5 


Ра л.да (AAA) = 134515 мм | Soo-ky Ling, 





ч By ALS «М Lines = 


2200 щ = 2,4 M) @ 4 Lines 


#* Boo kN LINES = 
\ъ&6.‹© 


Р. уде (2250.9) = A333 мм 165-Ку Line 





ш 165-kv Lines = 2299 A х 0.46 «V ou 
baid NES 


(Ы Ë= UILIS) (526) (sin ZE? 1.131 (S=) 


Sin (х= чм 100 radians) 


B= wisi (396. ) = Ччї.& mw [SISA Ling 


2006 ے رر‎ YSI = 6 Li weg 


Be (1.131) (169.1) = 1538.5 HW [рой Lue 
+ Бро Фу Lawas = 2000 4) = 1.4941 = 3 Lines 
1522.5 ———Á 
= (1131) (2256,9) = 2595.9 Hw f es Lv Live 
= 3 Lines 


a 155-05 Lines = 2000 2 = 
тту = @,79 +1 


а 395-0 че Lins = 
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5.50 





ВА = G-4ente*) C365) (iso w) = 16.26" 


REAL Роше FoR ONE TRANSMISSION CIRCUIT Pa 2600/4 = Qoo Мм 

From тив. PRACTICAL Link LOADAGILITY , “м = Vs qu Na ү«СЭ ALS 
- хз BA 

68: qso: Cha CoA) C SILLY 


— Atm Cacen’) 
fora 16°26 
FRom Vue u 


SIL: 466.66 Mw 


SEL | N. aated y /2.\ мы 


"Since 


kv, = | 2,6910 = [easy CH 66-66 = A4ookN 
5.81 





NOTE. 





: éo 

1 ERROR IN PRINTING + а, = Nel \¥sl [2-5 уд Еа 

а) ІЗ! Cm 

TRE РАА See DIAGRAW CORRESPONDING To THÉ A&eVE ERUANAN 16 Әномы BELOW : 
£16. © 


Imaginary 






[Pa + jQa| Vars 





ІШІН 
[Уд [к] sin бя \ 
ГАПУ 22772) 


А 
ЖР „| Унд cos Өд 
A 9р 
|B| ПАА All Val 
ІНІ 


Real 


(b) 


(b> Bt SMFETING THE ORIGIN FROM O° TO O , THE Рена DIAGRAM 1S Stew 


te FIG. CI) Вече. 
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58.51. Gents. 


ренална 


fob A GWEN Lan hub А Given VALUE of Wal 5 o's ЗАСАДА 


, 
тие Loci of Рамытї А щи BE А GET of CIRCLES o£ ADIL OA , ome 


феё EAC OF IME SET oF VALUES of |441. Ровсісыб OF Two ueu 


CIRCLES (қызым AS RECEIVING EMD CIRCLES) ARE SHOWN BE Low: 


Vars Given: 
Vey and V? (|у < | Ул) 
Va = constant 





(89 Мань OA ам THE AGURE AGovE 16 THE Lead LINE Wiese INTERSECTION 


WIT TE РЕК CIRCLE DETERMINES Үнс OPERATING Роғыт. THUS, FoR 

A LOAD С WITH A LAGGING Pewer- FACTOR ANGLE е) A Амь С ARE 

TUE OPERATING PormtS CORRESPONDING То BSENDING§EMD VOLTAGES 
аі Aud [Vg , RESPECTIVELY , THESE OPERATING Fonts DETERMINE 
THE REAL Awd REACTIVE PewER RECEIVED FOR ME Tiva SENDING- END 
VOLTAGES, 

THE REACTIVE PowER THAT MUST BE SUPPLIED Ат THE RECEIVING EnD 
ім ORDER то ММытмы Con STANT |744 WHEN ME SENDING ~ амо 
VOLTAGE DECREASES FROM (Va To We, \ 16 оман ar AB , wien ts 


PARALLEL To TUE REACTIVE- Фоме? Axis. 
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(Оу зєв PR. 5.51 (ау Solution каз.) sup ©) 


w S. 
Малы Tag SuGSm umen OF Z FR €, Apping mE 


COMPLEX = 
CONTMSU тон OF THE /PawER Consumed BY Ү/2, 


Using 60.60 of ев. 5.24 Сау SoLoTiow , ONE СЕТЬ 





= v* а wv WW деа 

И NC AS Meroe a "y 
2, А а” 

ФАЛА, Suerencus а) ео w ER CONSUMED 


-—P 
м Y Con THE RIGUT- BAND SIDE (қу FIG. s), 


FU ME RECEIVED Pow ER, ONE WAS 





24 EIE 2. -59 
E bd ج‎ № Муу, 2 
— S9. 35 — = Vu — = ET LL е € 
* = 


EXCEPT FoR ME ADDINOWAL CONSTANT TERMS THE 

Едодтоыө HAVE THE SAME FORM AS THOSE IN PR. 5,201. 
b РофеМҮ de 
Cb) Fon A Lossless UNE, Zaz Llc \s{REAL AND jp 


\5 PURELY IMAGINARY. ALSO 





- = tas ] кеф =! = 5 
572 Y Ea MGR Дос m NOR а EAM) 
Yule У Pile . 


WWitu ЪЕСОМЕХ 3 Ze AMPA). 


БА 
NOTE, Y AS Now тав ADMITTANCE OF A PURE CAPACITANCE, 


zm! 
= 1% how ME IMPEDANCE OF A PURR INBUCTANCE. 





Active. POWER TRAN SM TIED : Р = - on 
Амр Қ ы - W AmO 
Ес Арх? 


Usa жо, (B-A.215 ec THE TEXT FoR SIL 
Хм Ө 

ma = Tan. Cni e ет 

Jo) 
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5.52. Gowtb. 














e e 
CC» FoR pa = 01002 2 radian’ = (©. Мае Z) ر‎ Ave G, 245, 
APPLING THE RESULT op РАФТ СЬ), Әне GETS 
Жас. a omom À 
© 
Pa бее (0 BAG СУ 
Pra 4 \ 
Fong | : 
THERMAL LoT 
21-- -- 255211: ee ا بدا‎ шаш 
STA BILITY Limit 
Fon Ө, = &> 
d 
| = 
o too зоо Зэс Boo Soe бее LEuam ін kvn 


SKETCH =—— 
<> THERMAL Limit GovER&S THE Suoat LINES 5 7 
- 
STABILITY Lira T PREVAILS FoR LONG LINES, ) 
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Problem 5.53 
The maximum power that can be delivered to the load is 10250MW. 


Problem 5. 54. | 
For 8800MW at the load the load bus voltage is maintained above 720kV even if 2 lines ar 
taken out of service (8850 MW may be OK since the voltage is 719.9 kV). 
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5.55 Fro roble 5-25 у the shunt adve се 


зөвь, 


бэр “t= egoivalexi T баео vwethoot £p pes Atlas i 


S = x (3.18 х1б°+ 1 \.1зпх1Б°®) = 6.36 xB 1 am "mo 
Xs gei 
VAS ы. Чойс Shont reach? Co Pensa tion : tee 
eg vala Shout аллее 1% ¢ 

ax by e -% сі 
Yeg = 63x15 4 (zampe?) 0 лоу 
-- 1 xu 
eg = G3bx10° + j ь,ъ X I8 6 = 6-&rxXId | 2.475 
Smee “меге із 


жә Strieg Con pernstadion у 
“ед, = Zs 164.6 185.420 s 
The equ valet < parameter of tre CowpeSated line t 
Req = р ==. 1 + (e.g x5" LT? (6.6 125.4) 
2. 


Res = | + 0.0561 та, &?°> 0,144] tJ 2005 2.9441 0-3 pu 
The No-loat voltage w 
ы “Vis Sik 5 2 
^J, = = 2183) 2 SET Vv 
ANLO Keg OS] EE 
іі obtainea fron Фе. 5.12. 
У = 466 Ш\л, 


ім 





Where Vs 


(5 hee Sane ах суугаа 


rolen 5.]2., Smee tre SWowt ҮбасХогц 
Өле removed аф foll 


load. Theregore у 
= Van” Var. 
% уж. = 7 „576-7 -4180 jn = > 
XloD =" LIES. = 2045 ёо 

Ware 480 Е 

The impedance ор tack Shunt тела іс 2 


& гі а (7 =* =} 
= = 8! = РТТ 
reactor L x єлд\ 5 Ч — (лә 


= 3256.5 5. 
Ke ERIT uM. Бұ 

о “Gee ме е 
-164- 





5.56 





(о) Vg = 653.1 kv, Gane as rRos. S. UT) 
У = 2 {6.57 w. ел a Å 1.244. х io* Ci-0-8)\ FRo Pach. 5 8 
з М214-х ее -À 4244. жб ^ s 4.284. xt [875° Š 
га -- 2 e 
2.,: Bo: 93.25 / 86.695. 


Aeq = V n = Vee 50129416 Lave) (5825/86 ao) 


2 ла 00858 IAN 2 0.9644 440-0036 20.9644 (e 20" 


Мамы. = Vs /Aeg = 659i o eaa = салга KN, 


° _ 611.8- 489 дес: 412) 
2 ме x 718-482, 4 


(ы) Vg» 55671kw,, Csame Аз Pree. 5.17) 


Мене. = “з [А = 5567 |0۰۹6 4 4 а 57.5 KVL 


ZNR E 2480 wen s 20.37 


(C) Муу 435.4 KV (Same Ав PROB. 5.17) 


Vew = Va/A = ans | e абал = 451-2 ky, 


yA VR = о * oo -а/ 
480 2 


-{то- 





Frew Problem 5.24 j 
€ = МУХ с au. + Чача щш 


Based ол ЧО?д series compensation; Walt et Gach 


емі ор the |ime, tre редиме OF Gach Series 


ca рас tor is 3 
Zea? iX" “VE CHD (№44) = sizal рое 


Cat each end) 


Wsing tre ABCD Prrareters From Proble« SU. ; 
“ne egpivalest ABCD раға--елегі oT tre 


compensated line are + 


° o =| . 
Req) Bag] [' | зала OM. | тац, [ES |1 | 7432 
C z гал [20322 | олжа? || o p 
rne t 


1 
Ces, eg о 
— ed Seeding Enel омер To Receiving Eno 
Co ws өндөг ea te М ` š 
de SRE Pee нм Series, Gyautors 
(Enom Pa. SW 


Аз oe ı | -izaug l | 0.3157 [1.5899 | 132.05 187317 
freq, Beg = 2 - : 
€ us 1 2-061 XID /Te327 | o, ЖЕТУ [1.0% 


e 

Го. ага [1:23° | 163. m 

т o 
2,061 x? / 10:527 о. 29151101 | 
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8.58 
š ром PROB. 56: 
== f ы 
Соз 22 ËB = 48.25 /в4.04 а 5.673 4198.09 Na 


IMPEDANCE of БАСА SERIES CAPACITOR VS 
Zear J Хель = —4(A уе (48043 -j la u A 
EQUWALENT AGED PARAMETERS e€ THE COMPENSATED LiwE ARE 
heyl Bey әл [erases /о.28& — (2n [26.69 UE 
| Cey Sa o 405% oM ав. 27) o.a285 [223 
SENDING END URCOMEENBATED LINE RECEIVING END 






SERIES CAPACITORS From OR, 543 SERIES CAPACITORS 
\ дла | | 5 A285 [a 2 5 9° $4.62 (86427 
+ 5 
9 l Ç 408 x15? Aon о. 5A aZ [s 2555 
0.4442 [5.2585 1-45 20:58 
= 23 
\. ез / дее a aaar | ө.2555 


(Ьу Kea 20,9442 , Өд a 8.25535 
Pea = 45 ALAS ر‎ Ou . 80-5” 
Eron ва.(5.5.6) Www Vas Vg s боо KV, 


2. 
Šoox See 5 5 e 
Vega SOTT КО Аа A Rad ы каат) 
11.45 41.45 


= $444 — 563 = 2456 MW (34) 


e 
WHICH 18 22.57 LARGER талы THE VALUE 


Р = 2541.5 Мы CALCULATED ы PROB, S46 


MAX 


Сов Tag UNCEOMPENSATED Ling, 


-VIZ- 


From Lroblew 05-57 : 
eq, = 024813 Өд = box? 
Beg = M = 16964 Өз = %2.559 


From, а СаПа Gi Vel V. SDD аллы: 


= (sec (555) - (ез) (соду- 


SS — / oz Š 
164.1 Toy CDS (== le > 


Pan A 





Dax? ALES. — 237. = 1188. HW Cree phass) 








whew is | 4208 "> larger tian tue valu e 
бы = 1244. Ww calculated im Pres 5°38 
фос de Ux gated (1€ a 


= V 3 = 


Let Хер be me &4u vus vex Series 
reactance Op оме 7165-07 , SOO Gn, Sers 
compensated line , Tre афоудабе semès 
reactant@ оф four hes wı two 
Үл Белл eda ke Substations ant owe lie 
Section out-of service ty then 4 


1 = 

+ (= Ха) + + (Axes) = Or Ny Xeg 
Fron. E4 (ues) uw. S= 28°) vg = 0:15 
per pare ) 4n Ê = ароо MW ) 


өн. » 5% 
P = (Tes) Gasxnes) змБ59 L avob. 
e1"n"ng Хеб 


Sol for Хә 3 
= 127. = xj - Ne N= —Ne) 
Keg, SH x Х(1 Ne) = пеле (1 ңе) 
Solva t Мол 1%. о serves capacitwe 


Compensation (Ne= 1.6 Fo пед zs я 
4%, Хе losses). 


“\F4- 


5.01 








= -J XL اع‎ et res. (493 = -jsi.$i& 


Yeea = = NE Nu = -% ( мәле") ло), 4380$ 


Аш В LT 0.8 (37/081 14. C4 S: 12 

Aes Eee | < 13:19 1554 

Ё | RT ІН: ке | owm |12087 | 
P Ó 


UY ал TR 
Sanding Evel Sending Bre 
фе comperntatior Serves Cornpentation 


о |-3xes3][:; б 
e | \ [к | | 
wi amnanan 


wz s 
Receiving Bad 
Bekah Shunt со gentation 


Line: 


Apter vo Мары tee above pve waaruces ? 


Res |. Bee Be 10-652 104.4 22 
Ca Ds 


$.0n xu / 39.%° | 0.9244 [0.6327 


41UTS- 


5.67. 


2553 
SEE Solution of PR. BAS FoR ҮЛ, Ze , Conk VR, Амр Auh TA, 
FoR САВ, Uw COMPENSATED Lines 
: Дъ фо = Cosh vA. ©. £%04 {eee 
2 


, 


2. Z, ^uw VAS 186-18 /Ja.a6 n. 
Al 0 & 896 (3424 
2. Даб. /- 5. АА 


Ги 


° 
= 6.60u8t/ 20:42 8 
NOTING WAT THE Stage COMPENSATION ONLY ALTERS THÉ SERIES BRM of 


THE EGuivALENt TacigcuiT, THE Nêw SERIES ARM IMPEDANCE 1S 


ж.т - ° ` е 
8.25 Bie, 186-78 лес m jot w 230 (0.8213), 60.88 (ваа, 


= e 
IN WHICH 0.8299 1S me EMAGINARY PART өк бе о. Вам [JIOA en [c 


- 372! s FR mi 
Norina THAT Ас. 8% Kub ыд sah Ру az 
= ЕЯ! ы» = = AG VÉ * aee 594 (89.229 
А... = (60-88 / 55-88" » 0.000899 IIAV ) «Vx o. Лал! 
ЁС ГЭЖ 
c 2 


мем 





2. 
4 Ci 217 254 226 
< ü 4 


2 
2xe.eco заа [BUR + бо.а# /55 25 (0. 000894 /'g2.m*) 


n 


= о. оома [964 S 


THE SERIES COMPENSATION WAS REDUCED THE PARAMETER Ë то ABeur 
ONB THIRD OF ITS VALUE FoR THE un compENSATED LANE, WiTHoUT 
AFFECTING тав, А AND & PARAMETERS APPRECIABLY, 


Tavs, THE МАх\мим PowER THAT CAM BE TRANSMITTED 1$ 


INCREASED AY ABour Зоо . 
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5.65 


TUL SUUNT ADMITTANCE Gf THE ENTIRE Line 5 


%- ZR = =4 5:199 кб x 2%o = -) edouta 5 


2 | : 
маты 107, Compensation | Neus = о. х (je: seua ly = 31 966 822.3 


4 
раз FIG. Б-ДА. of THE TEXT, GOR ME CASE of SHUNT ADMITTANCE , 


Аъ Dats, Әзо , €< 


= -1)9-өв8 2223 


M 


= Y nens 


FOR төк UumCeétm?EM SAT& D LINE , THE A,B,C, D PARAMETERS ARE CALCULATED 


. 
\м THE SeLUTION OF 8.5.49. 


FoR seres NETWORKS , SEE F14. 5.4, 6€ THE ТЕКТ TO MoDIEY THE PARAMETERS, 


$6 FoR THE Liwe With A SHUNT їМаргистоё, 


Bas ± о.һаод (хэд к geag [14.460 (0,000 B22 егу 


= (соға Z= °. 


THE VOLTAGE REGULATION With THE Звомт ВЕР СТО Самае ove D 


AY NO LOAD 13 бен BY 


AD во / ходи) = (Daas 
Asti А FIT Е 


= 0°0667 
124.15 


WHICK 1$ А CONSIDERABLE ёл лфрослын COMPARED То 0.2421 FoR THE 


РЕ QULATLaN OF THE UMComPENSAT& D LINE, (SEE алто OF PR. БАР) 


5.64. 


€ À 


CO) FROM тие SeLUTION oF РА. БВ. , 


2-: 230A» JL; pA = 2e6AV 
FoR A LOSSLESS мә, THE EQUIVALENT LINE REACTANCÉ 15 


Given бү x: Z. Ampi = (290-45) Am 26A лот < 
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5.64 Conta, 
CE wine SR Pewee 5 = eos / 670.8 = Васа 4680 MVA 
The REGE va 5, Ге) =. s 


Vs сызу Vgec-c» Asa Š , HE emer aware Š 
== 
s (5es »Bee fet. Ate $ 


Swee 29" = 


VS оллоо Gaon Зоо + 
aR 5: 26.04.4? 


5 


ТАЄ RECEWING END REACTIVE рыбе Vs GIVEN BY | САёохорАхжыг) 
Маск Ve сызу Ve 
Ga Cre) Cans ROS Cask 
ж! 1 
= боох боо Ga (20.044) _ Соогу? баз (N.N) 
Vect. ut ` Ye" 


= 25.5 MVAR 
THEM TUE RE@ueeD GaeaaiwoR MVAR 38 Se = 42345-4600 = -4516.85 





WWE CAPACITIVE BEACTAMCE 15 GAVEN BY CSE EQ. 2.5.5 ім Text) 


w 14-08. f ' 
Эс 2 N^ „75500 2 A*5.49.n. 


= застынет 
S »-2 B16 85 
ов С = 


we 


25 C60) 4$» 52 


ёл MF 





Cb» For 49% COMPENSATION , THE SERIES CAPACITOR REACTAMCE PER PHASE 16 


Хаел = AX < OAC los ALBAN 


TUE. MEW EQuivvAtant Wa сет PARAMETERS ARE GWEN BY 


2^ Зиа ‚ =“ ` . 
z = j O x =) 6426.0; 4. 5 = Ба 22) = 10:001546 $ 
е. 


s ` = а” 
DO ans = À 62.2 G -n. у А оз e > = 6.94577 
THE Receiving выр VOLTAGE PER Puase Ñ = зе (0 kv = 288.615 /0 ky 
4 


TE Receiving END CURRENTS Tos Beca / ave 


= tooa Érts? 
тона; Жет и z 14547 eaga? КА 
ы Bx 282۰615 @° < 2:36 


THE. SENDING Eu VOLTAGE 15 THEN бачам BY 
Ves А Ña + Big = 3264 од КУ, Vea = 326-42 565Akv 


PERCE ыт VOLTAGE GEGGLAmou цомын ээн эе = 384 Y: 
өө 
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Problem 5.G5 
The maximum amount of real power which can be transferred to the load at unity pf with a bus 
voltage greater than 0.9 pu is 3900M W. 





Problem 5.65 


805 


< 795 
790 
785 
780 
778 
770 
765 
760 


755 
900 1400 1900 2400 2900 


Load Real Power (MW) 


Load Bus Voltage (kV) 














Problem 5..6 Ф 
'The maximum amount of real power which can be transferred to the load at unity pf with а bus 
voltage greater than 0.9 pu is 3400MW (3450 MW may be OK since pu voltage is 0.8985). 








Problem 5. сс 


Load Bus Voltage (kV) 





900 1400 1900 2400 2900 3400 3900 
Load Real Power (MW) 
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CHARTER G 


-8 71 -2 >, 
-> -> 8| x, 
THERE ABE Мейс2 GAUSS Elimination STEES, 
Dunne steed Sueteact А [Ass -5[5 =-\ TIMES 80.1 Fron 


EQ 2, Ант SUBTRACT Аъ [һу z |S Times EQ.4 From E.2, 


5 =, = х, 4 
оз 
° 5 ‚© x, |. ыё meu te A Me +? 
e =u м ES 4.2. 
5 ^g 2 5 
kl Q -as ي‎ — 21 Times 66.2. 
Durna STEP 2, BUGTRACT ы [Aan = — * "35 
Fron Еа. ®, 
° -a -> х, 4 
ө қ -5 x, |= -6 MIC 1S TRILAMOULARUZ&D, 
б © 2. хь за, 


726 
VIA BACK, SUOSXUTUTION, Жаз 68, KX т VAD 
BY GRAMERS RULE, 
5 -2. mh A =a —5 


А: |-5 T -|= 50 5 А = A 1 02 | = \во (вхеһытыс А, 
Bout THE FIRST 


-3 5 5 G > 8 сечам S 
5 A -ъ в -2 А 
Ass [as clo 2| 224 ; А. ± 1-5 Ч Aol сад 


= 180- 


(6-1 cout. 


ба ь А 
au 23.22 XQ 23 6.4% 4 “Хас 23 2 8 
1 А E 3. 4 2 > a” N 
Әң MATER METHOD 80 ав 2.5 
I =. - ri 
Ах: , KANAN i ХаА Y weer A= | дам 25 


4674 2.5 


Kye 20) Хүхэа8й |) хь 68 


-А8%- 


Problem 6.2 


6 2 их 3 
14 10 2 || >, | 414 
43 4 14] x, 2 
1 2 3 12 3 
26 4151) ж 41% 
INGE Step 3 0 — 3|ғ|-|2| 2“0Ебер2|0 © = |> 
х, 1 x 
o3 2 2 0022] 
2 6 
Back Substitution: 
2 2-0.0147] 
x, poc U X, ын танық ы. 
3 
x = SO 200439) - 04248 
Problem 6.3 
6 2 11/х 3 
4 10 2 |x |=] 4 
3 4 14||х,| (2 
1 3 12 3 
26 4| ^| |? 26 а | 
1 GE Step 3 0 — 3|ж|-|2| 2“ 08930 — = |ә, 
X, 1 x 
0 3 2 2 оо AEST 
10 130 
Back Substitution: 
4 
eee 2-1, (-0.4386)] 
x 4212 --0.4386 x, = کس‎ 20.2982 
26) (130 К 26 


3 
‚ = 3—2(0.2982) —1C0.4386) 
он 
6 





= 0.4737 


—82- 


2. 
XX, wb ARO х Xs xo Мао 
X> += z көз X = v9 > 


Мата An нурах, GUESS OF X CODE AND x, loda \ 


х 2 
хэ 40.625 20.9663; X; Q5: B= (es 0:8 





sx 60 


IN SUCCEEDING ITERATIONS , COMPUTE Моне CÉNÉRALLY AS 


2. 
E o.63 An X4 Cos) s t$ S>, C92 





х, Сту m 
AFTER SEVERAL ITERATIONS ОБЕ CAN OBTAIN 


>, < о. “542.6 ых X, x 0.518 —-— 


NOTE Ам UNEDUCATED GUESS Gr Tae INITIAL VALUES Manur 


CAUSE THE Зероттом TO DIVERGE. 


-\@S- 


S 


оем агч Gauss E liscikoction 
ыы алал ARRA m 203 























w Div sis 


nT ырызын кы, 


а. 











Нор рео 






Nel 2 
БИ ùeis 
ын 

‘NEN 
3 









С.о From ЕФ SETS, ) back Substitution 14 given byt 
X, z SR 7 Ааа Хен 7 Ak na, AT 7 Аким Xn 
ла 
Ak 
whieh reguit оле division, (м-ку mokti p heats 
and (м-к) Subtraction for Each kz ме) эс l. 
Sommar Sommary = Back Sob stitotis Rack Sem ary = Back Subst totins 





Ж So btrachons 
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Problem 6.7 
xi-3x41-0 х(0)=1 £20.01 
x’ +l 
x= 
~3 


уйу T = 0.667 





x(2) = —0.4815 
x(3) = -0.4106 
x(4) = -0.3895 
x(5)= -0.3839 == 0.0144 
x(6) = -0.3825 ғ = 0.0036 


Problem 6.8 
x -(j5x-44-j3 х(0)=1+] == 0.05 
X! - (44 j3) 
( +5) 
x(1) =—0.5+ 70.5 
x(2) = —0.8676 + j0.2797 
х(3) =-0.8059+ j0.1815 ¢=0.1270 
x(4) = -0.7827 + j0.2071 ==0.0418 


-\8S- 


Problema 6.9 


6 0 0 0 -03333 -0167 
D=|0 10 0| М-р(р-4)-| -0.4 0 -02 
0 0 14 -0.2143 -02857 0 


X(i41) = MEG)4 D^ B 
xl = 04243 x2=0.2325 х3 7.0.0152 after 10 iterations 


Problem. 6.10 


6 0 0 0 -0.3333 -0.1667 
D=|4 10 0| М-рт(р-А)-(10 0.1333 -0.1333 
3 4 14 0 0.0333 0.0738 


X412 Mxü)- DB 
xl-0.4249 х2=0.2330 x3=-0.0148 after 4 iterations 


The Gauss-Seidel method converges over twice as fast as the Jacobi n-method 


Problem 6.11 
After 100 iterations the Jacobi method does not converge. 
After 100 iterations the Gauss-Seidel method does not converge. 


-і686- 


6.12 


a 


NOTE BRACE In PRINTING 6F PRob . STATEMENT: 1 
2 
THE 8Єсоыр tGuames Sucuvp SE BM, + X. E: O 
REWRITING TUE Given EQUATIONS, 
Л, 
ж, = * 4 0-683. 5 X, z BH Ry 
мити AS intial Guess of x, Соу = 6 ANS x, (2) = e, 


-UPDATE KW, With THe Seat ва. AoE, Ант X, WM THE ЗЕсамт EQ uation, 


Thus >, = Xa Ce) + 90.6 DD = 5 te 2 > о. 466% 
hub Xa = l8 - %, Co) = 8-3 OR 


iM Suce£E Ding ITERATIONS, COMPUTE MORE GENERALLY AS 
x Cwary = CG wore 
> 2. 

hut >, Cmet d= eR % ow) 
AFTER SEVERAL ITERATIINS, | X, 0.42% Awd жұ: OUT. 
AFTER À FEW MORE ITERATIONS, 2 6.43426 AND M2 0.918, 

€ > 

HOWEVER, NOTE TUAT AN UNEDUCATED GUESS of INITIAL VALUES , 
$vcuAs >с, (0) = 2, (0)3 (00, WeULD WAVE CAUSED THE SoLuTien 


TO DWERGE. 


=1%7= 


Problem 6.13 
Using Matlab code, it took 3 iterations using Gauss-Siedel to converge to = < 0.05 


x, = 0.93732 — 6.8194" 
x, = 0.91822 —9.3436° 


fous xu GH ах -4-6 
Se چ‎ 2 2 & 2 
qx + mca > $ G> 
AP PLY Gau SS ~ SEIDEL . ALGORITHM Va qM х (99-2 
FIRST (TESTO YIELDS ` 


x C = $ (>) = SR x % # Ae Zeer 


SECOND \WERATOW $ 


202) < GC222225 = 2.513 


SUSStQuant ЕВА ЗОНА WILL RESULT ty 


2.8966, »уььлС, 3.73۹8, 2.4568, %.9958 


ÁND ов 
5 oo -- 


Netes THERE 15 А REPEATED qaot AT X=\ ALSO, 


kT A WRONG амуд ЕФПНАТЕ THE 


Bounin мант DIVERGE. 


16% — 


Эх, Ах, > 24 
“Ах ANH, 22, «Оо 


2х, x SX, 212 


(00 GAUSSIAN ITERATION; 
x, Char) = £ (24 + 4%, СЮ) 
X, Chard = M (AxCO - 2x, 64>) 
хуб у à С\2- 2%, 00) 


Lev X (©) = 24/823 5 Х,(0)-0 у X lod: 12 [8205 


THE FOLLOWING CalevraAmonS WILL RESULT WIM ITERATIONS: 


ATERATION 
NO. 


© 


х, 


3 


3 


3.64.24 


$.64*9 


9.8125 
28125 
2.4545 
ъ.4545 
3.4821 
2.4821 
> 5542 


5 49442. 


X. 
б 
1.2857 
1-2857 
11444 
1.1444 
1.4924 
1.4089 
(9645 
\.9 615 
14284 
\ 988 A, 


(4454 
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х, Ax max 
хэ 
\- : 

* 2851 


1.1186 о.бдза 
(4146 O.4 592. 
vo658 0.2240 
06% о А640 
1022.8 606-0320 
0228 0.0586 
\-бо8\ 9.0284 
Coogi 60209 
1.082.4 6.6105 


0024 0.0915 „мш 


GAS 


Cow», 


(b) Gauss- SEIDEL ITERATION: 
Chord = 4 C24 AX, CAD) 
X, L (ах, Cond = 2X CO) 
Wa: b (12-2 х. Сау) 
CALCULATED VALUES Wim ITERATIONS ARE SucuN BeLows 
УГаадтөм X, x, Ki AX... 
о ЧЭ ° \.5 
\ 3 \-2857 \-\л&6б \.2 8511 
2 3.6424 \-лдаа Vio6%8 0.6429 
> 3.8125 \.9 089 \. 0228 0.8216 
4 3.3545 146615 Loog 0.0220 
5 BABI яваа, (0024 e .0292, 
о 5.4442 1.4454 lecto о 0105 
л 5.3586 1-4485 \оовд. 
NOT E. 


@.00ъ8 < 
GAUSS ~ SEIDEL ITERATIVE SCHEME COMVERGES MUCH FASTER 


COMPARED TO HEL GAUSSIAN ITERATVE SCHEME . 


A0 - 


ur = 
Gas EalG. 2.6) is 1 хи: = MxO + D. ^d 
Taking the Z transforma (assume Zero mitial 
conditions) * 
аху: MXE + D Y) 
(8М-м) x@= Б Үш 


Xe: Gu-M) D Ye = ce Ye 
6-7 For Example 8-5, 


pee (2U-M)= zu b d = =- 


ма! ж 


For Ехал ele 7.5 
p = 510 m= b(p-A)z| 163 
[42] erem 
pet (QU-M)= Det] * 4 > |= x (e -3)z0 
Е +.. (+ -а) 


Ge For Tacobl, 


S'( Y ^ о m © Au ° dm 
Mz (р-н -^n|. Au 
E 42 | [= o | Be ° | 





“баа, 
= Au 
* Aw — AA 
U-M)= Det zm ғ- шығы. = © 
det (2 U- м) ре ie 4 Au Ал 


Ax 
ын un (Есіл 
=== An Ала. 


For Gauss~Seide| ) 


1 اس‎ =A 
Г =| Ач o O -An|- e An 
B Q-A) EN Би ! 152+ NUR | 


x 
at 





“(Ate 


648 conto. 


bet (*U— h) i Sue a 


о >- Aui 


lz- ам) =0 
Par Аал. 


Au Aaa. 


во. бай, 
Ап Arg 
Both Tacou? and  Gaoss- S eie | 
Converge ig and only if |с 


Ан ААА, 


) 
When Nz `, 


=. | 
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Problem 6.19 А 
f(x)sy у=0 (х) = х -9x'-2x-48 x(0)=1 


-i 
є = 0.001 р | (y= f ((0)) Z osé eie 


xex(0) 


x() =1+ [34-18-- 2] (0— (12-9-- 2 — 48)) = 2.5652 





х(2) 22.5652 [as 022» =207587 е-019 


х(3) = 2.07587 ЕРІ (3.88) = 2.00167 € 0.0357 
52.29 


x(4) = 2.00167 Tax] (0.0834) = 2.00000 £ = 0.008 
50.05 


Problem 6.20 
Үйд-у у-0 Хх) = х +9x +2х-48 х(0)--1 


Е = 0.001 Е ] (у= f(x(0)) 2 eae 4H18x42 


хэх(0) 
х()=-1 - =] (-42) = 4.23077 
1 
—20.46 





x(2) =-423077-| jes» =-2.8177 


x(3) = -2.8177 3 (74.55) = -3.00049 ғ = 0.065 
—24.9 : 





x(4) = —3.00049 | 3|012) = 3.00000 £= 0.002 
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av. We ағ. ауа 8x5 Freee Bel GS-2) a 
AX 


«боз: = x(u)+ ни Lire x) нэ [xax — 









0,040201 -1.1511153 


LA A ЕТ —— 163 














x (u) - 1.451165 


` 


Stop after 5 iterations. Note bat X= 1.951955 ts 


One solutione The oer two Solutions are 
x= 0.0584054 E J SUS 


622% Jes ot = ЧХ + 30x + 108 X +108 From F2 (63.7): 
x 






- x(t) + [uncta - 36x овоо - Ex inki sU) 
+ toe x} +31] 


ааа ы а 
шэг -азетелі -aal 323972 | 2233 









х(4)-х(%)|- |-i9423123--2.48 440!| = о. ооо? 
хі“) -2.294340] 











Stop after 19 (га ис. XQ) = ~21 23223 
Mete that xz -3 її one og peor Solutiexs fo 
duis ЧЭ eteq ree polynomial, The sier free 
Solutions are X= =3, X= -3 , art х= -3. 
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Using a Matlab script it takes 4 iterations to converge 
Iteration | 0 [2 
Xj 1 А 


Problem 6.23 
2х2--31-8-0 ху-х+хх,-4=0 
х(0)=1 2,00) =1 == 0.001 
4 2 
х@+1)= x6) - xG] | К E | 


2x +X, ~2x, +X 


























[4 
1.8284 | 1.8091 
X2 1 1.2122 | 1.2060- 
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Let bp) 3 Л Ag +4 
USING THE шулам Guess Yad | POY уз RADE A AA A = 0:9928 
ес - A a Ger $ ew So MOT b C49 = p Са = -B 914. 
ыр аҹ eCYD/ PCY) = о д [C 8814) = = 6-284 


FoR THE FIRST ITERATION | 2 = Y- ay 2 y- 2184 
25) 


i в i 
So oW Ay eee Ss у PCY) = pC 4284). в. овал 


PA , М оова 0002. 
POCO = сазға). 26B) Ag aur т без 


С@мъ VYERATION + 4 - - ag = 4.2%4 0.0538 2 4.3225 
2. РС: p( 43228) = 20014, Y CH) = е (4.0228) = —2‹Бола 
ay z O:6614 /<- 2:590 = —0.08074 
Dap VTERATION: us yay = & 522.5 4 0.00014 = 4.33524 
e Cy?) ± — 0.660061 


Флысе PCy?) DIFFERS Fron ZERO BY ONE PART IN A MILLION, 


ONE SelkURon TO THIS мөмілыбар Equanmey САМ BE SAIS To BE 
3 
ae er = 4.52524 Aad, 
OFCOURSE, THE PRESENCE of THE TRIGe Ne MERC FUNCTIGN MEANS 


THAT TMERE ARE OTER Фоқотооа M THE PROBLEM. 


AAG- 


6.2.8 


қол ний 


Eea х? E E ас = © Сл? 


М Evara = RAMUS ALGORITHM: With xCOd=EG 
AS) 2 ast as Xa 
дж 





Ас.Соу = C= Í (хоз) за [< - cere ac-a]: -50 
9500) 


ax 2 > (65—12 (63 +۹ = 45 
Ax Co) = де Co) 2129 „мм 
AS со) aS 
dx 
2, oS CY = 


х Соу x Ax Co) = Getun 
Dla X: CO Аж 


= 4.8834 
= 48889 ЦЭ 
22..0%1 
XLC: XD + Ах GD + дэслжа. 2335) 
2.6741 
Ray = х (ъъ Ах CD 


24.6405 . 0.237148 
AWA 
Xx (5) 3 х САХА Ax CAS = A-00U g:00%S ي‎ 
А .012.6 
Меты -RACBSON METHOD CONVERGES MORE. RAPIDLY 


= ALISA 


1 


с 4.0408 
2601 


Д 0000 4— 
NOTE». 


THAN THE GAUSS“ SEIDEL METHOD. 


\F THE STARTING VALUE YS мот CLOSE ENOUGH TD 
TRE ROOT, THE METOD MAY ComvERGE TOA Воот 
ЭМРЕЕКЕМТ FROM THE EXPECTED OWE OR EVEN DIVERGE, 

e 26 Xe Ar AWS 
вт 


NEWT h~ АФ бом ETHODS vom х Ceyx o 





Lat fena 2-2 + Awe =O 
AF соо ұқ Сез 
Ax 
KERR We, X CMD £ (xem) e ias 
b e -Z 2 \ 
\ \ —9:3585 v 5465 о AULA 
2. 21711 — 6: 00 8.6 11:32:11: с.00ъ} 
> Veo. 2 9.000680 a 2А 


o660065 


-\ал- 


6.27 





COD. Ku = Be za. ә /- CRAY . ТТАС 2-44 AA [755.49 


ME $-4G« Gu EBAS; Ys =2 eMe s 47 [657° 
Vint —5-46 = елі wes y Ya so 


Ce» Ах eus 2, Y, = Val чым, ee (&,- 5,7947) ean Vate (a= Š, - өзе) + 
+ ص ولاو‎ С®-б» - Өө) ] 
Mus бс tA Vaaa Суу ea (5, ~ ué 817) 4.41 Qv 0) 6% (- сэ эрэ 


° (1 
минсы tienes Са (6, cues Ус 20416664 ; Se 16,917: & аа, 54859 
D 


e 
oR — Bs 216.16 oR 16.44469 y TAKE & = 16: 41465" 


(ED FoR Bus, Paa Val Үммү Co (4-5, - Oar) 33 V eo C- 635] 
SUBSTITUTING =Z = №ь LENCO со C 4, - ué. 51*) + Gu Va Ge 63.48 | 


3, 
Tuus —2 = № Yer 63.43] + Vg бө CSa- wee) — ва. À 
GG." 


9, = V. (хы V, Ate fa- 5, - Gar) + Yaa Vy An C- 0345] 
\ و۷‎ Ver ^is (Oy ¬ we. 50? Je бул NS Aa 63. AZ 1 


AL se, 


\ 


а = VÊ Din CRAS! «М, Ain CE. -м6-59° 7) eae, 
A 


Combine 64.4 Aud EG, B ABOVE, 





— + Nz OM CRAB € ау ТОГАН Ve 
Б 5 1% [рх % 
s > 
ов \ ج‎ А Vs [ca 63-43" — 0 BAM 63.45 ee! =V, 
is Gay)" 
lim Cu Gives 5 


2. 
Va - М4 то 


2. | 
Sotuviow OF шықса is М», ^ E [» 
2 


о. 
TAMING Tag фөвєруй Su, Vo 


Tw € 


= 0.8427 


ев Ng = 054342. 
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6.2.7 Cou XP, 


SUB S tito MO, IN ке. 4 


—=2 ے‎ em1:306 CAT + e.42472 Co б бъ - 6.51) 
use га сө С4,- we st) = -ө. 1326۹ 
ов En = W657 = а ъл. 46% 
ok Š, = – 29, заа 
IC) ° = M ` Yu V, ёе Cen) «Хе, V, C C 6, ~ бу - 9a. 


«Хув Va & Сб 6% 7 9D 


= o. ۹۹371 


(еу холас REAL POWER LOSS in THE SYSTEM (8 CALCULATE AS 


4.4431 86-2 = 95451 


Problem 6.28 

Y, =Y, = 0 

Ү,, = 2.68 — j28.46 
Y, =-0.89+ 9.92 
Y, =-1.79+ j19.84 


Problem 6.29 
Ry, + JX yy = 0.018 + 70.2 
Y, =Y, =0 
-1 =] 
ا‎ = - 
Ri, + JX, 0.018 30.2 
Yos 222122 
> 0.0045+ j0.05 








=-0.446+ /4.96 


=-1.786+ j19.839 


Ч 


Y, = Tag y Jee jm 2.232 - j23.5 
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6.50 (8) By inspection : 










“e a Per‏ دی ے2 ع 
Рег‏ -= - - 
Ф Qi © ned onre‏ 






Problem 6.31. 
Assume flat start И (0) «1.0720  V,(0) 21.070 


(+1) = 252 Е 0 


Mj Y, =F 4-0 


37005401 
Using Matlab code to solve for Г, (1)', take that value and use equation again to find final 
value of У, (1). 

V, (1) = 1.0884.23.9005° 

V,(2) =1.0894.23.9471° 
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Problem 6.32 
Assume initial start V (0) =1.0<30° V,(0) 21.070 
А 1 | P, - JQ, р 
VG 1)m———À— Y 
2G +1) zi (i) 31 o] 
-1 

Ү, = 
т 0.54 j0.1 





2-44 j8 Y, =-—Y, =4— j8 


Using Matlab code to solve for У, (1)', take that value and use equation again to find final 
value of У, (1). 


V, (1) =1.0895Z4.2618° 
V, (2) =1.08943.9511° 
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6.5% Rus 3 із voltage controllece First calculate 
©з Fron. Be, 6.5.5). 


Qy = ме) Yai Vi S [ e - $6) - e, | + Үз Vo Sta [8,6 - 6,6) -63.] 


+ Ууу) sin [өзу] + Ya Vor sn 5,Ө)-040)-6, | 
+ Yan Veto) sua | &,Co)- $59) - exl} 
Фү bosfor O + 24.43 (1.05) sin (§5.71°] + 2613 (150) sin [244.259] + of 
= 306E per ont 
Also Фа: Ost Og = 1306 Or = №408 per ом 
Neat check Generator 3 var libe Since 

бұз = WHOS eX CoS Qes max 3 VO Cas Өмен ia 

Table 6.1) ‚ SE бє, = Фу, = О per од. 

Then Фу,“ Ga. тфа = hO-O = 0.9 per out. 

Dus 3 № woes а load bos gor “thts iteration. 

Next conn joke SACO from Eq (6.5.2), 


Ae 51 һа _ E Yay Woy L 


ЕКСЕ 
1 : ЕЧ Қ 
= — 1.1 ion - fenas Ялах Хе 
24,15 |-зелце ^ БӨМ 


=L cR * дээ £ 
i . ьн » - Ра 5 
24,4% | 8591 М LOHE = 40,8571 — | - 1.699 + Ja «| 


n 


- 13.743 = 125617 - 28,84 [= 83.51 = 1.058 2.4119 


243 Lees Ju xq 45 /- 8 Io per cart 


Finally , One wore | pass точь, Ee s), 


11-509 - [eser кылай 
em ТЫ под 2.1419 


= 3.9560 - 25:68 | 25,856 [3 35? 0 oru] [aeo 


VOU). ———— 





24,4% | :85-1119 2415 “Tyee [ese | 
Per Ба 
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G34 Boc > 15 a lead bod. Usi tre input «Алда 


ам. ws admittance valves from Preble. 6:50 
Vn ЕЕ, 5. 23% 


m кет‏ ل ”ےگ 
S б\= +f 2-1%. -1 52, Hayes‏ 
.5 


VO 
S. GQ) = -2:0 - ог) - (о) (1.0427) * (i8) ve] 
am le ole? 
жен i Ж а 
= —— NON „5 = 15, 
A Е ї-о410,5-134 53 
7, -1-0-11Ч-5 262.152 
Ag. О. 6У Е 
ух [210° me SEL ге sel 


wekt, tre above valve м used tn къ (f. 5.2) e re - caleolate Wi): 


0X 1 1 -2.0+{0.5 | | 
"тт — so ыы - 315, 
all = че [-4° 5 0.7758/+7,953° Cis] 


65.469 . 
Va.) = EI мэ 2.06155 [165.16 -rhgT 
ET 0.9758 /7.-8889 
= 1.71603 “Ji 4,2122. 


p \ о ә 
“ЦЭЛ 15-922 У зал snn -4 Ist = > 


m Р 1262.15? 
sa 14546 — = 2,4565 Lome 8S3° per очг+ 
ус l-1o green rac aso namens eere 


Bus 3 is а Voltage Cowhroled bug. First caloo late 
Фа pow (6.5.5). 


Ф, = мөөм su [s,@ - s, 7 ө; || + XV OD sin [5: ©" ài] 
NOTE: USING UE GLOVER- ZARNA Роз чено, 


VS G Seft mare, Ү, was Foun TBE - 37-5 
33 WV. $i 
Awe V. = t0 ( 2-65" AFTER оче GAUSS- SEIDEL, + Хэ, Và Sin Г exl} 


LYE RATOUN. 


-205- 


GZA сомтр. 


4: Lo fe- sy(1.0) si (0- oao P) +(5](о-4565) se 47,853--409) 
| + (.5)(1,о) sha (ac) t 


Ф = D.262H фес оу 


Also Фа5 Pst Pig = 0.3462 (eus O fow Tabee?) 
ame (Qai? 0.4.424 


does not exceed бу, € 
Per ont, as gwen 15 Table 6,12, 


маң at bos 3 are not 


= +Ç. 
tre 4 everator 
exceeded, 


мал 


Com poutine 5; 01 From Ее (6.5...) š 

Fm- — Bou 

‘Mays = و‎ 21 0 

| x “зз NC ©) | хүл? + Тый went 


EAE 





daz یوت‎ рем cna] 


-- | Ф, е : о 
aU) = LIIS (безі 0.34) - [13-5 + 4.1825/27 i 


Ft) z SERT as 
9.5 1-30 





7,508 J- 31.359 
4,5 /-90° 
Û) = boo, [2.6469 


Be f 6.2) has been used above +e cow pote 

8,015 2.6462, ThE bus мон де maq nitvele “ура l. 
DA pot date , ас given ty Table 
TO) = 160 120646" 


per owit (5 


8.1. 
‘Therefore , per sit, 
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L i Р. -3а ° e 
Ve = — 2. 2 
ee a Ws -Ya Ya ¬ Yaa Va. 


\ oS eh 0.2 mwa 2+3 - Соне C 425] 


Хал. tejo 


A.246 -4Мо4 


: = Мөуд 4] 9.046 = \.вр [258° fu 
Be 666.40 


v « ot *4- 40, 


L i 
‚= ———. ММ — Ya. Va - Y. | 
5 Хаш GA v. = 


4 . 
DETER eae E A Жаз М) W me SAME Way 4S vi. часы 


2 . лө. А g 
N, = > V - AG 104-2446) = 06664) 2-5) 0.928.407) 
22 -ôt Aare i 


—(- 42) (025 -46 won| 


y^ Е ААА: обеда aia s \-өб\б foe PU 


3.026- à Wo 
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6.56 





GAUSS SEIDEL ITERATIVE Scnemes 


Wana бо, Vg s yu, Š, зо 


(S t&anus VALU £55 


Gwen 7 -2 كم‎ Also GIVEN 
S^ х -1| 72 6 -дД| № үеге Ын 
eus ^ Й Vg = Мо у P, = бомм 
-5 - а Pas = gonw s Qa == Go Mvag 
\Teranon 4% 


салау 
Q, => Ie * Yai V + ولآ‎ ( КҮМ 


Tie {6 Соу да Cle 4e Cue] 129 = о 


Vis + (28:38: - Хүч, stag VE) 
Хул, М 


= | 56246 сіз Gt) dacus] 
46 Ма 
= до s p J seu! 


1 Део I 
а ла LS ко, Ч 00534 40.0995 
УД 5? 


REPEAT +, Ms 


= 0.995 /5:74 
Vas | £874 = о. ча 5 +4 0, | 
USE %-49 = о, | 
Vas — eS G Nis чу 
Yas va 


= д [— s 30.6 73549) 345095 450-0 | 
-4^ L Us | adiu жаны 
= 0.4478 л Ас ада А _ ПР 

> OAB 462444. 9.9322. /- 2074" 


- : ө ли [53-137 
REPEAT + Уа e:AA48.39.6444 _ 


Se a ° 
9.4522 LATA 
= 6.4218 -Доњатд 2 9/425 [ 2.44" 





27 


Cueca. AV Caas ajono) -Gn jo): 0.008 доң 
4 


<! 


5-7 (в A218 749: A147 (1-34): -о. 6182-560 474 


AX ax = Ors 


6.57 


6.36 Санчо. 
ITERARoN Bs 


е, a = K< 91-36 Conan ggo: D àz Gle) 


* 44. (э ала - o.47 4 (e.115 - | 


= 6.%6 
Va 1. L d. ini ids —4e( Le) Заоа -jo оаа) 
“A6 V [- 5.14? 
2 о.ААЛ&з 4.346 4.0.66 LEA Q À / 4.24 2 6.4912 40.0125 
2 V [1874 
REPEAT: Va s о Адла адо оъ 40-66 158-04. 





= 6003 «4 0.0925 
t [4.24 
"ES (Аль = FARIA x А 6-012. 


V. = 2 
да © 230 / 24. 


, о ма/ Бэлэг А 

= OJADE «Ао-09,2)-- LLL — z 0 .402үү-16:060 
3 Er» Bad 5231-2196 4 

( -Эль 


-55Q Lo) - 34s. 5034. sjeoma)| 


= 9.922 
V. : : 53 uw 
REPEATS V, = 0458 + jo0324 — ? “Г/ 


LL, + оФ-%%05- до 0692. 
очул 78:15" AUS 
= 04224 /- 5.68 


Check: A V. = (о-4414.х jo 0122 5 (о дав + = 0.0024 =) 2.0211 
Á V, = (0.9205 -) о 0592) — (o 248 -5 9.414) оғыз Joong 


AO nna > 0.028 


THIRD ITERATION YIELDS тас FOLLOWING RE SULTS 
матам THE DESIRED TOLERANCE" 


У = o RABIA 0.0615 


zx [2.9 
5 ——— 
М», т о A208 —До+об&а = 0.3422 1-4 


pd 


0.5MVA. 


The maximum mismatches corresponding to the first three iterations are 171.55, 56.76, and 
73.6MV A. 38 iterations are necessary in order to have the maximum mismatch be less than 
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Problem 6.38 


The maximum mismatches corresponding to the first three iterations are 177.04, 44.91 


and 29.55 MVA. 29 iterations are necessary in order for the maximum mismatch value 
to be less than 0.5 MVA. 


Problem 6.34 | | 
(Note: Typo їп problem: load increase should be at bus 2; also increase maximum number of 


iterations from 50 to 200) 


Bus 2 Load (MW) Iterations required 
800 49 

810 49 

820 50 

830 50 

840 51 

850 120 

860 No solution - diverges 
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6-0 A B. Е fà ги P. (x “Using ЕФ(8.6.2) ° 
Ag Өс É - vye) MT У; соз Syel- &-9«) + Yaz Val) ces [S4@)-$6)-@ 7) 


+ Ya 8 cos|%4@1-_s,6)-es]+ Yar YO) eos Ее] 





ља Eq (на); + Yus Ve 6) сос[ 167-50) еді 
зе Rec a жата 95.1935 
Ho EET ^ — = 
Ry tix), 0036+ Jo 40 > сн 
Y T авыш СІ —— арн А, 2.4.435 4,284 T 1 
bs Ray FO Ху 0.003 +4004 [aras per ott 
= x | | 
Tus - E = I = 4.95987 / 95.143 ИЕА 
Rag КҮ Ха 6.004 + 16.0 : 
гү l 1 1 4 B П : i 
Nyy = —ə—— z + س‎ + Вы, Bug 
Ray 4 ху Ray +1 Хзч Rus 4-4 Хч< 2. E 


= (posa - H4) *( 1 6651 - Чан. 60) 
+ (0.8428 ~ 14.1196) + $248 + j oal 


Yay = 2.4804 = 320.47 = ат. 1-35-39” sak 
per 


Using tese adelseba-e values in Еф (& 2) above 


AP, бүт 9 — bo jo + 2.494 (1-6) cos [95.1435] + 24 A& (1.08 )cos [742.384 3i 
+ зч (1.0) соз [5.345] + 3.451"1.6)cosss. awè 


A Py (o) = -vo$-e.oqiox] = + 0,0410 pr bare 
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Using е. eguation рор J| m Table 6.5 


21 Ч) = - м0) Pm sin[s&-s, - өзі) MN 


VV, sis [s OL YO-YO -6 8-0 J 
Тін 0 = -o jo + 2.4834 (1-9) sa Ca 5.1239) 
+ 29,45 (1 об) Sin (^ 9.227) + 4,7577 (ви Ez "| 


тө = -rof -38.503 | = +38,505 per part 


6-44.) Using 5%(6-6.3) 


бс» F. = ` bv cos ( $,- &- 


ТАМАН СА ЖАРҒАН 
із B= w [Y V, cess 


бү) + Ys Vicos(S,7 ,- 4] + Yu ex (en) ] 
ТЕСТЕР) 


Қт. (іс x Lavi St (Sre) + V Sie Сэ.» XV ss ке) 
apupas ¢ UWI uota 
Pa, Par Pa — 2..0 3 $i 
a= fj ` Қа-Ва | = 120 | ie хов $y.) 
Gh Фе Aa ¬ 0.5 эд 


a. 

Also ME Vas LO per омс and ç = C, Я 

tga “te above Клон values aud admittinces Prom 
Pebble. Maly in me above three ел оао s 

“2.0 = ло, сох баас”) + 5.525 (6,-84-409) | (1) 
leo A.S cos ($;- 407) + Sv cos ( s,- $,-ac*) ёл 
-6.5 = y, Ltasin(s,-40° +1SM + 5.314 (sy а-а) (8) 
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El (a) sen 5 ©\ = S3 bz o Vi бус 150 
Contd. Cow pute АМ с 


BLOF 1.0 | to cos(-409) +5 eos(-ac) | = о 


В, 03 3.5 cS) 205) + 5 cos Cao) =o 
Qux)? ollie а (-95°) + 15 + § Sin(-409)\ = О 
B.- p. (x) -»o0-0 -33-0 
age | 83-50) 7 1-о- О = но 
= Q,- eon -0.5 - о -O5 
le) Step 2. Compute (5) (сее Table 6.5 Text) 
Tha = M = “МА (хам. six ($.- S, -&,, M G+ V, sis (Sar & — e] 
` = - to liec) Si^ (-40°) + S (Y) Siw(-408)]* 15. 
Ju = = ANa sin (St = (1.5) ($) sin 10°) = 7%. 
3, 
Sia 25. Е 


= Уз Va Sin (5,7 $7811) E (үзуі) Si (-407) = -5 
3$. 


se —A | s ҮМ Si (S27 $17 Ө, гү Ni Vi Sth (83> S+. 7 en) | 
` = о кута Cao) ey) si C10] = 5 


JL, = —. Vain Соз(Ө,„ + Dav, cos(£7 Sraa) + RAV. cosa.) 
ӘМ, 20 
ХАЛ cos (5,- “-өлү) = 
Jug = h ہے‎ 


— = УЧ. (SF 3,7 Өз =. GO 
Бал 


J = 3Q, 


— 


3S, SW [чм cos($,7 $,7 8.) + Yaa Vj ces ( $7837 @,)\= © 
е oc 


эл, 3 $4 ын 





-V Yaz Ма соз ( S = E 8,4) = © 


-2М- 


ж. à Р 
7% Ф. = М, SMO + хуул sih (fa) 





+ a V, Si^(-&.) + Yas У; sin (с. $ -e4) | 
bs) sist- 409) + (lalish (4) + 180) siw 807) +501) si¢-28) 





TH Cn 
= 15 
m За 
Ja = ын аҹ = Per оч 
Stee x Solve 
15 = e AS, 71.0 
-5 15 б AS, Е [26 
6 о 15 Av. -0.5 


"Oswa Gauss енеме, multiply tre First egvatian 
Second жоса ыда t 


by (7Shis) АУА Subtract го tre 


5 75 o A $4 “2.0 
O 5681 О $: | = 0.33333 
o © 15 AY "OS 
Back Substitution 5 
Aav, = “0.5 jis = 7O.O023335 
= О. 05719185 


2235555 [5.833333 = 


AS, = 
As, = [72.0 +5 (0.057145) | 15 = -oyes 
A Sa - О.ИЧэгяч 
Ах = A 5 о .05 "19285 
ANS T 0,033313 
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G. A3. Step Ч Compute Ali) 





ONT 

al) O| [|-I2?57 | |-0.1 428577 | тейм 
X= all | = хет Ах = | o +] «онч |=) o.osnidss 

KO ij] |--2355354 | OLO | вен ox 


C^ ec Ge ҮНС ЕФ C6. S лм ) 


Q, 2 va Divis ана нөү) e IS foire) av ea | 
= | | 641155 (o, E А ; 2 
[a-s)( sim (e сет E] + S CA) sin (e sq +. пч ту 
Tad s + "5 (у) sy] 
Q= | [Aa yasa - qas + nes] = б.т per әң 


без ^ Qz + Qu^ O.24(64 OF О.2Ч[6 Per Unit 


Since Qez = le is lammis the мен (-5-о, +8.6], 
Bus 3 Temaike А  voltaqe-controlled bus, 


“this Completes he first Newton-Rephion 'teretión, 
Problem 6.43 
—j24.98 12.5 72.5 
The Y,, for the system is given by, Y,, =| /12.5  -j2498 12.5 
j12.5 12.5  —j2498 


Bus 1 is the swing bus, bus 2 is the voltage-controlled bus, bus 3 is the load bus. The 


unknown variables аге 6,,6,, and V3, thus the Jacobian will be а 3x3 matrix. Values of 
4 , Yi, Vi and У are known. Thus, 


P, = VV, sin(8, =8) + ¥, sin(&, —ó,) = 13.125 [sin ê, +7, sin(6, — &,)] 
Р, VVE, sin(6, —ó,) + И.Т, sin(d, -6,) =12.5sin ó, +13.125V, sin(&, — 6,) 


Since V; is given, the equation for О» can be eliminated. 


Q, = [PV соз(б, - 5) +, 008(5, -8,) - V7, | 
О, = -[12.5F, cos б, +13.1257, cos(d, — 5) - 24.98V7 | 


The unknown vector and Jacobian matrix are given by 
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6-44 Contd, 


ӘР, ӘР, дР, 


98, дб, Y, 
ӘР, ӘР, aP, 
28, 06, OV 
20, 00, 20, 
98, дб, V, 














The partial derivatives are given by 


= = PVE, cos(, = 6) VE, соз(б, — ó,) = 13.125 [cos 8, +7, cos(, — ó,)] 

ОР, 

58 Р, cos(6, ~ 5,) = —13.125V, cos(d, -6,) 
3 

ОР, Е : 

2 = y, Yp sin(ó, — 8) =13.125sin(6, —ó,) 

o ` 7 2 

ОР, 

aa 773425, сов(6,-46,) 

ЗВ 12.57, cos 8, +13.125cos(8, -6,) 

86, I i 

OF 219 salad, +13.125sin(d, —ó,) 


3 


д : 

a =-13.1257, віл(б,-6,) 
20, : . 
aes 12.5F, sin ó, +13.1257, sin(6, — 5,) 


3 


3. -12.5сов6, 13.125 cos(8, — ô, ) — 49.967, ] 
3 


Note that P2 = Роз = 0.6661, Ps = -Pis = -2.8653 and Оз = -Qis = -1.2244 and these 
remain constant through the entire iterative process. 


With an initial guess бу = бу = 0 and Vs = 1.0 





AP, B] | B^), [ 0.6661 0 0.6661 
АР, |=] P, |-| Р,(Х°) |=} 2.8653 0 |-|-2.8653 
AQ, | [o] [BE] |-12244| |-0.645| |-0.5794 | 


“2147 


G.4 3 Сонтр, 


2625 -13.125 0 
J? =| -13.125 25.625 0 | Note that J; and Jy are both zero. 
0 0 24335 


0.0512 0.0262 0 


-— -1 - 

Е 0 Ja 

A = Ju ES a Es =| 0.0262 .0525 0 
0 523 0 J> 


0 0 0.0411 
Aó, -0.041гаа -2.3517% 
AX? =| Аб, |=| -0.1328rad |=| —7.6111" 
AV, —0.0238 —0.0238 


0] [223517 | |-2.3517° 
FF =F + =| 0 |+] —7.6111° |=] —7.6111° 
1.0| | -0.0238 0.9762 


Using the new values 6!= -2.3517°, 61- -7.6111° and Р, 0.9762, P,(x') = 0.6359 and 
AP, = 0.6661— 0.6359 = 0.0302 


1 


АР, 0.0302 
Updated mismatch vector: | АР, | =| -0.0352 
AQ, —0.1756 
Г 25.8725 —12.7586 1.2031 0.0518 0.0266 0.0006 
Thus J' =| -12.7586 24.8534 -2.8587| and J^ =| 0.0266 0.0545 0.0053 
| 11745  -2.7907 23.3109 0.0006 0.0052 0.0435 
Гб, [-0.0405rad] |-2.3219" АР, | 0.0003 
Then ¥° =| ó, | -|-0.1349ғаа |-|-7.7285% then | AP, | =| 0.0133 
LV; 0.9684 0.9684 AQ, | |-0.0015 





After two more iterations, the mismatch, = < 0.001 
быт -2.3013°, б, = -7.6878° and V, = 0.9684 


Then, 
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6.43 Cost D. 


Fa =F = ИР, sin, —ó$,) +VV,Y,, sin(6, —ó,) 
=13.125sin(—ó4,)+ V,sin(—ó;) ы 

Qa = Q = [ИХ 56-6) +з cos(ó, — 5) + ИУ, | 
з-113.125со86, +12.5V, cos(-5,) + 24.98] 

О» = 0, = Р, cos(8, - &) + V, E соз(б, ~ê) +? Yo | 
= - [13.125 cos 8, +13.1257, cos(ó, -6,)--27.54) 


P =0.6566 0,--01305 0, =1.7716 


Problem 6.44 
After the first three iterations Ј = 104.41, 108.07, 107.24; and with the next iteration it 


converges to 106.66. 


Problem 6.45 
Adding 301.8 Mvar (290 Mvar nominal) will increase V» to 1.02 pu and decrease overall 


losses from 34.84 to 23.55 MW. 


Problem 6.46 









Before new line | After new line 
























Branch b/w bus 2-4 (% loading 17.5 


Branch b/w bus 2-5 (% loading) | 49.0 НЫ (both lines) 





Branch b/w bus 3-4 (% loading) | 53.1 45.7 
Branch b/w bus 4-5 (% loading) | 18.8 22.1 
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Problem 6.47 




















































































| Gi voltage (pu) | Mvar at bus 1 | Bus 2 Voltage (pu) | Real Power Losses (MW) 
1.000 114 0.834 3484 0 

| 1.005 441121 0.838 34.36 =>] 
1.010 128 0.843 33.90 Ш НЫ 

11.015 135 0.848 33.45 i 

| 1.020 142 0.852 ED: Ш 
1025 — 150 0.856 32.62 _ 
1.030 157 0.861 | 3224 
1.035 165 0.865 31.86 ш 
1.040 173 0.870 31.51 
1.045 |. [181 0.874 1 31.17 
1.050 189 0.878 | 30.85 
1.055 197 0.882 30.54 На 
1.060 205 30.25 БЭХ: 
1065 | НЫ 
1.070 222 
1.075 

[1.080 
























































































































Tap setting 
0.975 
|091 (0817 
0.97 
: 0.974 
1.00625 123 0.979 у 
1.0125 1131 0.983 33.81 
1.01875 140 0.987 33.33 
1.025 | 149 32.89 
1.03125 1158 32.47 
1.0375 167 — 13208 
1.04375 176 31.72 
1.05 185 31.38 
1.05625 195 31.06 E 
1.0625 204 3076. 
1.06875 214 30.49 
1.075 224 30.23 
1.08125 233 30 
1.0875 243 29.79 — 
1.09375 253 29.59 
1.1 263 29.42 
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6.49 


55.0 Mvag Nomwal: 32.2 Муде ACTUAL АТ 546 vu, 


Problem 6.50  . 
Total real power losses are minimized when generation at BLT138 is 280 MW. 

































































Problem 6.50 — 
24 T T T T T— T ч 
par E 2. m miis 
= 
z 
$ 20----- s --- - cS sr = 
а 
5 2 
Š 18 —— мэт —— — мэн А 
Š Ж 
886-----Һ-------------------- 
5 m 
2 : 
и -——— wa —— ы M م‎ MM M —ÀÀ 
s я 4 
= ا42‎ - € - — 
40 4.2 + 1 L Ti SE 2 ы ЖИРЕНЕ! 
0 50 100 150 200 250 300 350 400 
Generation @ BLT138 (MW) 
Problem 6.51 
Total real power losses are minimized when generation at BLT138 is 280 MW. 
Problem 6.51 w RAY 138-BOB138 removed - 
24 — т -r т шар T — 
А ------- — 
8 Юре mn کے‎ el 
@ 
3 Es 
g ل‎ —— ЕЕЕ L— —— M" 
5 2 
8. 
Ч 2 
Ёё 6—— T - = — 
Е 2 
$ Е 
È 14 P — Y 
s x 4 
o 
jap E 
10 L L L و‎ цар П 
0 50 100 150 200 250 300 350 400 


Generation @ BLT138 (MW) 
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Problem 6.52 
The largest impact on the system occurs when the RAY138 to BOB138 line is removed. 






























































Device taken out of service System Losses Difference (MW) 
,None | 11.51 0.00 2 
‘TIM138 to ВАҮ138 .111.87 0.36 
RAYI38 to SLACK138 11.56 0.05 ' 
RAY138 to BOB138 14.08 | 2.57 
BOB138 to BLT138 12.07 0.56 
TIM138 to MORO138 | 11.63 0.12 
MORO138 to LAUF138 | 11.54 0.03 
LAUF138 to JO138 12.88 11.37 
LAUF138 to BUCKY138 12.30 0.79 
BUCKYI38 to SAVOY138 | 13.14 1.63 
.LSAVOY138 10138 | 12.79 1.28 ] 
JO138 to LYNN138 11.67 0.16 
‘LYNN138 to SLACK138 11.55 0.04 











Problem 6.53 : 

There are many different approaches to solve this problem. One method discussed here 
will use voltage sensitivities to find a solution. Use PowerWorld Simulator and select 
Tools -> Flows and Voltage Sensitivities, select transmission line UIUC69 to BLT69 
Ckt 3 and click Calculate Sensitivities. Тһе LAUF69 generator will have the larges 
impact to reduce line overloading by increasing generation. One solution is to raise 
LAUF69 from 20 MW to its max 150 MW. This will reduce the overload from 141% to 
10994. Next recalculate sensitivities and notice if generation at BLT69 is reduced it will 
have an effect on the overload. If the generator is reduced from 106 MW to 65 MW, the 
line loading is reduced from 109% to 100% solving the problem. 


** Note there are many additional solutions to this problem. 
6.5 A. DIAG = [m 25 4 x T is] 


OFEDIAG = Eu TOM UA a - л мыл "i 7E. اماد اداج‎ ча 
4 Tir Sael “Gel = $e} - 9. -e4] 


COL = La 5 6 | 3 Wu 5 > X i 2 6 | 

: 5 
Row = [xz “q | I < x] 3 
6:55 With Compact Storage 





DIAG 
CFF DTAS = 56 bytes 
Co L. %% bytes 


Row = 1x bytes 
TOTAL = IG bowen 
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6.56 





BY ME PROCESS eÇ NODE ELIMINATION Амт Active BRANCH DESIGN ATION 
їм FRG. GÀ 1 


STEC мө. 


` 2. 3 
NODE CLIMINATED @ © е) 
\ 2 
° 


в е 7 8 A 40 


A 
® eG ©©© © @ 


No.of Active Бад мечева 1 1 2 2 2 \ о 


RESULTING FILL S NS ° o e o OÓ 2 оо o 


, 


TRE быы C DASHED) BRANCH AFTER STEP G 15 Shown BELOW, 





Neve TWAT TWO FILL-~IinG ARE UNAVOIDABLE L 


WHEN TRE Әсе NOMBERS ARE ASSIGNED то FIG. GQ IN 


ACCORDANCE WIT Tue STEP NUMBERS Abov, THE Rows AND 


GotoMus ef Nous WALL BE OPTIMALLY ORDERED FoR 
GAUSSIAN Eriavarion, Амр AS A RESULT, THE TRIANGULAR 
f^cwRS L Aw» Ü WILL REQUIRE MINIMUM STRAGE AND 


COMPUTING TIME Той SeLviuc Тыс NODAL EQUATIONS, 


—2.20 — 


Problem 6.57 
Table 6.6 w/ DC Approximation 





MEN Generation Load 

Bus#| Voltage | Phase PG QG PL | QL 
Й Magnitude | Angle (per (per (per (per 
(per unit) | (degrees) | unit unit) | unit) | unit) 












































1 1.000 0.000 | 3.600 | 0.000 | 0.000 | 0.000 

2 1.000 -18.695 | 0.000| 0.000] 8001 0.000 
223 1.000 0.524 | 5.2001 0,000, 0.800] 0.000 
4 1.000 -1.997 | 0.000 | 0.000 | 0.000 | 0.000 

5 | 1.000 -4.125 | 0.000; 0.000 | 0.000) 0.000 
TOTAL 8.800 | 0.000 | 8.800] 0.000 





When comparing these results to Table 6.6 in the book, Voltage magnitudes are all 
constant. Most phase angles are close to the NR algorithm except bus 3 has a positive 
angle in DC and a negative value in NR. Total generation is less since losses are not 
‘taken into account and reactive power is completely ignored in DC power flow. 


Table 6.7 w/ DC Ap proximatjon 


Bus to Bus 





a 914 


-5. 086 





0.000 


With the DC power flow, all reactive power flows are ignored. Real power flows are 
close to the NR algorithm except losses are not taken into account so each end of the line 
has the same flow. 


E] | 4 | 
| 
12272224 
КЕН 5.086 
| 3 | ЕСЕК 
wasa 


Table 6.8 w/ DC Approximation 
| Tran. # Bus to Bus P Q 5 
1 1 5 3.600 | 0.000 | 3.600 











$c d -3.600 | 0.000; 3.600 
2 3 4 4.400 | 0.000 | 4.400 
4 3 -4.400 | 0.000 | 4.400 











= 














With DC approximation the reactive power flows in transformers are also ignored and 
losses are also assumed to be zero. 


| =22\= 


Problem 6.58 

When Example 6.17 is solved with a line outage from bus 2 to 4 the case solves without 
error and it appears the system is stable with no overloads or voltage problems. If you 
'solve the same system using the Newton-Raphson algorithm (Example 6.9), it can be 
‚ seen the system is not stable. An overload on the transformer from bus 1 to 5 has a 124% 
loading. A very low per unit voltage of 0.375 can also be seen at bus 2. This large 
discrepancy can be attributed to the assumptions made in the DC power flow algorithm. 


Problem 6.59 

Certain factors in a power system can critically affect the accuracy of the DC power flow. 
If a system experiences an outage (as shown in Problem 6.52), low voltages can be seen 
at radial buses created after the outage. If a system requires large amounts of reactive 
power to support voltages, the DC approximation will also lose accuracy. The DC power 
flow should only be used for systems that have steady voltages close to 1.0 per unit. 
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Design Projects 1 and 2 


“The solutions given below solve the problems, but lower cost solutions may be available. 
.For simplicity, all lines were Rook conductors with a 12.5 feet spacing. This gave a 
‘resistance of 0.1688 Q/mi and reactance of 0.7206 Оли. The current limit for a rook 
conductor is 770 Amps. Note there are many different solutions that will work the 
projects and some may even be lower cost than the ones described below. 


Design Project 1 


Initially the case has three problem contingencies: BOB69 to WOLEN69 Ckt 1 (1 
violation), BOB69 to WOLEN69 Cki2 (1 violation) and BOB138 to BOB69 (1 
violation). The first two problems are caused because WOLEN69 is a radial bus and 
when one circuit goes down the other circuit is overloaded. When the transformer at 

' BOB69/138 goes down, BOB69 and WOLEN69 are now radial and an overload on the 
BLT69 to BOB69 line occurs. A solution to this problem could be constructing a new 
line from AMA69 to WOLEN69 to prevent overloading of existing lines. One possible 
solution involve the addition of two 69 kV lines and one 138 kV line. One 69 kV line 
connects WOLEN69 to AMA69. The second 69 kV line would connect SHIMK O69 to 
AMA69. A 69/138 kV transformer needs to be created at the AMA bus to connect 
10138 to AMA138. Construction costs totaled $4.16 million (see table below). Total 
energy savings of 9.88 — 8.98 = 0.9 MW is seen from the base case with the new 
additions. Over 5 years this comes to a savings of, 5 years * 8760 hrs/yr * 0.9 MWh * 
$55/MWh = $2,168,100 (assuming zero cost of money). 
































Construction Item Total Cost 
69/138 kV substation upgrade 1 $200,000 
187 MVA, 69/138 kV transformer | 1 | $1,150,000 
69 kV line fixed cost 2 | $100,000 
| 69 kV Rook transmission line 15 mi $1,800,000 
138 kV line fixed cost 1 $100,000 | 
| 138 kV Rook transmission line 4.5 mi $810,000 
TOTAL | $4,160,000 
Energy Savings in -$2,168,100 
Total Project Cost over 5 years $1,991,900 
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Design Projeet 2 


Initially the base case has two problem contingencies. When TIM69 to НАММАН69 is 
‘removed, this causes the AMANDA69 bus to be fed radially from the LAUF69 bus 
.causing line overloads and low bus voltages. Also when HOMER69 to LAUF69 is 
removed, the TIM69 to НАММАН69 line becomes overloaded. One solution is to 
provide a second path for power to get to the AMANDA69 bus if one of those lines goes 
down. One solution is the addition of one 69 kV line and one 138 kV line. The 69 kV 
line connects KYLE69 to AMANDA69. The KYLE substation needs an upgrade to 
handle 138 kV service. The 138 kV line then connects TIM138 to KYLE138. 
Construction costs totaled $3.734 million (see table below). The addition of the new 
lines increases the losses of the grid from 10.75 to 11.44 MW. Over 5 years this comes 
to an additional cost of, 5 years * 8760 hrs/yr * 0.69 MWh * $55/MWh = $1,662,210 
(assuming zero cost of money). 






Construction Item Total Cost 
69/138 kV substation upgrade 
101 MVA, 69/138 kV transformer 
69 kV line fixed cost 
69 kV Rook transmission line 
138 kV line fixed cost 


138 kV Rook transmission line 



































$1,890,000 
TOTAL | $3,734,000 


| grax Ft ACSA Ios ЕЕ 
Additional Losses $1,662,210 
Total Project Cost over 5 years $5,396,210 | 
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CHAPTER 7 





E. Веде 2 65 + j 2W Ceol) ъа? & 0-544 УЫ 
e 
22966 6648.0. j 2.02266 0, Өх 6648 


Los - v/z = 220 |2366 = WANS А 


ї Tako) > 111-4 Š < 508^ 


nma (93 = 


USING EQ CTW) APD (1.4129 
-AXCS Y 
XIR 3112/5 22.262 45 Ж CT «5 eee) = i+ 2. © 3:363 


ж. С 5 eycles) м Vo 


T veh C 5 суећељу S de k CS ey cde a> 2 1171-٩ А 


(ду Usiwe ва. Civ) 


М(оу- / V ^ie = 244 VOLTS 
жа Aw! 20) = DIS 
JÈ 211 
Using ва. (14.4) 


А -t[r 
к. es xv Aura) eH 


` 2 К at 
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12366 
-t 
2 16.62 е I 
Te [в = Sio? fo.5 s €» 16? Second 
=t (6x19?) 


Age 65 x 46.62. ©. 
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a í æ ча ӨЗ 
у Z= 337 засхл [aS e 
Taes X = Чөсс = хб. Ас 
= 3.1603 ET 
(ы Deeg COV = 1268 US = 2141. А 


© Bes к (= d +e wma 


Trwg (S23 KLS) а, = 1-6 (1268) = 


= 1.0 


123-65. А 


* 


(4) “< = AR |б... 1.04? 
ooo Ja. 
Tz NC ہے‎ _ 3 еке De 
R WE = Gesn = 5,456 XID 5 


4а Та eee) cin (scan? РЕ ты 


злез 


Уа, -- (1.4585 
іле ®\= 1065,6 Іі ) А 


2 2. G — 


іт 


2 = 04425 «A 2F C6o) evet = 0.125 %49-11-%-112 16-82. 
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@ 
(D) Nó DC OFFSET, 16 Switcu 45 CLOSED WHEN сіз BEN. 
Pad + 0" 
(b>) Mix mum DE OFFSET, WHEN с = 6841-40 z — V 
CURRENT WAVEFORMS WITH мо DC CFESET Согу Амр With MAx DE OFFSET Сөз 
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40 





"S 0.05 0.10 0.15 0.20 0.25 0.30 


(a) t, sec 
АЛХ) 


405 0.05 0.10 0.15 0.20 0.25 0.30 
(b) t, sec 
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7-4. 


a For x/R so ; АСЕ) [2 Tama [Aot 2) |e 
Oe) THE WAVE FORM REPRESENTS A SINE WAVE , WITH ac 


No ФС OFF SET. 


FoR ао, д Ct) « Ja т, | ^^ Gate, +A e, | +. 


TRE DC OFFSET үз MAXIMUM FOR (|у EQUAL To wot IT Lu. 


Act» 


Y «(282.85 






ALL &\ V) 
cat 


FoR wt = W|2 bs Ахаа 


төт 


Й 


<>’ For ОЦЕ)-о , ASYMMETRICAL FAR = 


a LAIAL 

FOR (x|&) з 00, ASYMMETRICAL FACTOR = 2.828 
a 

ME Time OF PEAK , 2 , FoR х|Азө, лө A2 ^S. 


AnD Sog х со, 13 Bms., 


NOTE. тағ Малена FACTOR TUAT 1S USED To DETERMINE 
ТУЕ, MAXIMUM PEAK INSTANTANEOUS FAULT CURRENT 
CAN BE CALCULATED BX TAKING TUE DERIVATIVE 

OF THE BRACKETED TERM GE ME Gwen BauAnos FR 
ACE tr PR TA Wits RESPECT To TIME AND болты 
To ZERO, AND THEN SeLVING fog THE NME OF Maximum 
PEAR 2 $ SUBSE t, (fv ТАЄ EQuame , THE 
AYTRoPRaMTÉ MULT PLY ма FACTOR CAN BE DETERMINED, 
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(o8 | V. 87) 


mA 
= 4820A 4 


X[&. Ranu of Tac system is F5 2050 gag wmon 
o5 ? 
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max Pea” 
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ALL зое ТАО ELECTRICAL во лемеЕнт MUST ФЕ 

ABLE то WATASTAND A PEAK CURRENT OF APPROXIMATELY VA 
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TG (a) Neg lect ing, 4ме trang ferr-er ома resistance , 


I" 2 Ea = 122 = 
36$ 
Ха +X ea 9.1 1+ 6,10 





748.04 фет ом 


The base cortes on me Vagh—- veltoqe side of 
the transformer 153 


5 5 ° 
=, = rated = 15609 Е kh 
= 5 =. — 20 Vo 1002. А 
š 3 Vis rated r$ ( seo) 


m = (iswsg(e7:2) = 645 ha 


(в) из Eq (7-1-1) at t= x cycles = 6-69 5 s fe 
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ea oao т (= rele + uc ] 


LeS?) per yart 


I а. (0-05) 


7514 Egl 7.2 5) 1 


- tj оло -~+/o.10 : 
LEY 52 (3-704) е = 5.58 е per vat 


The Tims asymmetrical current that the 
breaker interrupts is 


х < | ` r 
рых (0,08 үл 1: (0,08S)*t Lye (6,08) 


= 1(6.0&) 
(2-861) + (в. алаў е “бор — 


и 


i 


Ч. 2.64 фет oet = (4.2.64) (1-732) = 7:594. QA 
` == 


-2ъ0- 


7.7 
m (ey Us mq eg Che, 1) мэл tne + tea. CDC vO = 


reactance eluded | АлА vost А О for Мема АС OFFSET 





-t/o.05 | -tjo 
Ж mois elt + ^ "obe ж ETE: ) 
-x|e.o5 -t*h. 6 
= VÍ bhaye + iene + oreas [sin ) w-۳ ter 
мэ 
TRE generatur base current 18 ¢ 
t500 
Tias” _Srated = iy (ao) = 43.5 А 
` Vz VrateA L. 3 


Therefore « 


kt _ Ф 
(абас Фе? | rove ° 4 (ense 5 





+ о.е |а (а) QA 


Where Ме effect оф “e 


Tang former on re 
+e Congtanrts has 


been negle exe ek. 


(5) Free €4 (7: 15) аға tre results ор Problen 7-4. 


I -t/y -З/ оло 
lg 8 YI! e 12 = \ (3.164) е 
- + - & 
= 5.56 е бөө 


s 5-16 
per batt = 226.8, € 


йл 
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78 


ранны 2 


| р ~tlees =k 

(as ^ac Cs lo ( i+ e се ! ЖАЗУҒА һы» ды КА 
` TRE Фізтіз авын Seven, 

АСКА? 





t C9» 
x x Бева. 2 : E Съ. у? 
Бы omaga 59 A у В — а 9635 
у ~k a t ] >. 

ACA) = e.141 (хе Ix, e 1 a у çu 

Aime AC). өлең, “٠ د ر×‎ ad = 255 PU 
Amey 4. 22153 

4% E Sranan 224. хі CR кенде o. 5 eu 
e $ «6.347 

(су Ха x 2550-638. 6.11 
ХА = 941531х6-055 2 2.0946 2. 
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та 


THE PREFAULT Амт PeSTFAULT рро. РМАЗЕ E@uivALEnT Ci& cuit S 
ARE балом BELOW: 
jen 





TRECAGLT CIRCUIT POSTFAULT сағат 





_ M8 ° 

Nes 20:467 /O pu , TAKEN AS REFERENCE 
© 

BASE CURRENT 2 бо х lo = 2ъ0%.5 А 

= 5 ЈА х 15% ی‎ 


Aor с.9° 26.9° 

Exe > ي ےک‎ ۹۹ 26۹ д 
oBK SD х14-8 . 

= ©. BG21 / 26/4" pu =(@.69 5052) bu 


FoR THE GENERATOR, 


V, = 0.267 + A05 63.46572) = б 905 +À 0:064) Pu 


i"o& эвээ „(оса — 54-2159 bu 
ge 


2,5 04.5 (064-4 4.SiS ye (1599-6 -49965.5уА 4. 


Es = о. 915 4 0:063 + A o: t (0.6514 j 0.52) «(6-863 440138) pu 





FoR төв (ботой 2 


Ve = Ve = 0967 70 
di 


ул F OUT - A0 (66444052) = (Cota — 1 2-069) bu 
то! . SA . ` 
13 шээг, = (0.69 -4ю да» pa 
194 ‚ 
a 2209.5 (-ө68-4лолаУа454%.0 —4 23533-8 Ay. 
IN Tut FAULT ¢ 2. = 5, OX x 063-4435 - 0:64 - шаа 
= -4\4А-505 Ық ж —At4:505 x 2504.5 


= — >>444 A. 
NOTE: THE FAULT CURRENT 15 VERY HIGH SINCE TUE SUB TRANSIENT 
REACTABCE OF SYNCHRO MOUS MACHIN EF AnD que EXTERNAL 


Ling RRACTANCE ARE LOW, 


w25$ a 


"PM 





Tre pre fault lead ¢urrest 





үүх per wart 1 


Z. = =. = (сор £^ HS festons = 64511-19428" per 


ware 


The аайчлаа| мла симе voltages ares 


E^ = Ve ÜX EL: oS + (Sous) (0.9824 118.15“) 
= OS + олча4 LW = Loser 0.1358 = taoso [90152 
Perit 


Emr W~ (ха t Xu а) Ev 


= bos 46° ~ (106605) (ога 16.195") 


= ох + О.46045(:18:069 = 0,9198 “JOS = Loota acta" 
er 
bait 


Tre Short circuit corrents are: 


23 Eq! oxo 41.0920 : 
Б = а, O O E 7.355 0-62.932° per vat 


loas 


= w 


gs , Ж ^. Leeda /-%Лз_ . |,аав[зды per 


Jos d] 76.808 бөх 





Tp" + ША + XÁ = "sisi [€x + 1,998 ai? = -39-079 per 
vart 
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tone 5 








éavet l Fone l І 
Уыаве a Y59809 | Veasex 516 hv | Vsase 3” ойу 
Per Unit Positwe Sequence Keectasce Diagram 
ха = (0-20) moo = 0240 per ол Xq = (оға) (1000/S00)= Оез pervait 
xà = (Qoae) соо 56 = 0424 peront Хтаз (омо) (еөө/150)5 O13 ЫН, 
Xaa 3 Oel per ot Xq3? 0-10 Per uait 
E = Veesey 2 (Sos. = x. = Xu = 59. PE | 
bast 4H CELA. OB 250 ©. Xing, ель HAE Jeg Per 
om t 
(à) Xen (oto + o2) || [oo + (огло + o- loto. m)/ftoAo +o. 1353 хөл | 


= OebY ІІ Coo + o-An[[o-sn3]- өн 0-458 3 
= ОФМЫЧО per unit 


(p) X s 55 2 l оъ] ` x= 2 Stese . eoo | 
*ode fer ом vaseu ® ILL ш —— Ч. Qu 
500 4 UB Vieser (Ue (се) 1-155, da 





к=. Э 
ЯВ SEE . i313 peront ء‎ Слу) 2-3 Чин 
=== А 


зна 
Y жасан us 
Th 3 0260 





ED Using current Хум 2 
HY qs 9.4583 (-33-33x)(o-4ms)2 Твен Pers “31-816 hA 


e 2 
Та, ° (mser отч}? 


= w аты Osb 213 12579 E Per 22% 
Toa tC ee ag) СО ӘЛ) = جد‎ VA s ierg АА 


=2 55- 


74 


xd 


(8) Xen = (Өлөжолчжоло (блок 0.16 + o. Y] (o0 + 0.1333 + Dony) 




















= سے کاله‎ = олт per 
E REIN curt 
0.84 ONI 6.5733 
Uo. Vi 1.05 јо” E : 
(e) LE — 3 . le = -J 5.3155 per vnit 
Жэ J 2.115 == 
Же = (-15.1155) (1.155) = —16.13Ча QA 
(A =" = vesle EC 1ү,451(455)-1 
z —— = - j... er = (-\\.25) (1. 2-3. 
о Жаз dew ^ санақ ter = Силы) шин ۸ھ‎ 
ua 1.65 [2 ° ғ 5 
вэ B ——— = G gY Per = (-4зәзач \(1.15$)5 =1 2.580 
MOSS иесі A оса 
шон „обје? 5 f 2—39, 
zu Ь x sie = Û 885 ter = (-§1-881S) (\.15$) = 32,115 BA 
dJ 0,8 133 =e U Kuku окшы 
7-4. Жоме} і 
у = |ойлг 
о basel l 
(o) ©! Gg бо 
i 
| 
tone X. 1 Rene 3 
boser 7 1s v | Vases = 138 Q 
` 
Жаа" СУУЦ асул. 
n = (о за) Ер бое Y. 6 . too 
ха E > — == = 576 рег oat 
X. = Өө рег unit 
Xa = (оло) ( 129) = Ono рег омат 
А l : 
Xg > 0210 Per ожсб Xazî чо [12049 = 2-31 per unt 


-2%0- 


"I LA сомто, 








b) XE (о.2)|[(о.516+ оло + DF Drit ob) 
= O.20// 1.296 = annis фет омат 
Ve = nO per omit 
(C) =É = Ve 2 — o [e TE -4 SAIL eer uwit 
Erk J олту š 
= O. = 3.894455 
Fase x TY 
z^. goa) (2-842) -irn АА 


) = . ole? _ 
d Ta. = = 


e 
“Jd 5.6 ӨР = 
— ont 





lono 


(-is.s)G.8 vl): -itas QA 


= Lio mc) 8) = -3 3700 
T . vele a -i omt е Сіолли) ) —— 
iat = = 
7.15 
(8) х= С(олекоас) (0.876 + 0-20 жоға + оа) 
= oo || \1йв  O.1548 ger ома 
ы 


та = olo = =j 4.1693 per unit 
3 P278 ڪڪ‎ 





100 - 
= = = о.41% ha 
һа%ез TUNE 


(iua 6а) (ong) = -i OHY ДА 


та. кәй: с 
(<) Tan 2 p rw = = 33.335 per 


(i 3-353) (oon el) = -11:345 йл 
wut س‎ 





216 
Ip = 





e 
шааж = ele) 2 5% 6,8936 
114146 





per = (4 o. вм) Lo- LET] -3 o.3SD0 44 
out jenem I 
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PAG 


Cuaesisa ВАЗЕ MVA AS BSOMVA AND THE BASE LINE VeLTAGÉ A+ mE 
Wy. sine of Tag TRANSFORMER To BE Bakv, 


$e = 0.2295 . 
Key? ze з 6.225 vu 5 Xa? 38 nore o ео; X cnn us" 3 novwS= өсөв tu 


Е uc ` (B+ ars) = = (0826 «де. 4.132.) Фо 


THE SYSTEM Wits Cu.vALUES 1S Shown BELOW: 
32.225 








46:95 06-0826 A04132 


THE A@eve (6 REDUCED To: 
46.1286 0:0846 40.4652 





3 2 tetat ч 0.9426 +4 6:598 = 0.5418 Lax Pu 
Teen Fs мэ = 6714 /-а2° t 
F 2.5478 /82 | 5 Ls Ë 
X зох‹о° 
base 5 = 524,8 А 
4$ $2155 
Te 3 AGTA x 524.8 = 818۰6 А 


=2 38 


7.17 





NOTE т 





TRANSECRMERS ARE RATED 25 MYA. C DATA Азы б зы THE 
PROG. STATE MEAT) 
CHOOSING BASE VALUES of 25 МУА АБР \a-akv OW THE GENERATOR SIDE 


GENERATOR REACTANCE = 6.15 PU 


2 
TRAWSFORMER REACTANCE = 3, (E eus ostot pu 


3.8 
BASE VoLTAGE AT THE TRANSMISSION Ling is 8% A 72 лъе kv 
PEG-UMIT Ling REAR СТАНСЕ + 65 25 _ a = 012 

(172105 


э. 
x = onsa چ‎ (№) = а. Š 
м. is за) = 6.222 Р 
FUR RÉACXANCE DIAGRAM 1S Sows BELOW j Sw TOV Sw SIMULATES THe 


Guort citur, Ань Èg AND ET ARE nig macunas PREFAULT INTERNAL 


VOLTAGES. 


busi. 





Js Ç 


ЫН 





соо Ce» 
VOLTAGES Ve IN PHASE OPPOSITION 


REPLACE THE Swirew 
USING BvereePesition: 


jons dense jons Аә:1>6 





(c5 


Cusose Ve Te GE EGUAL To THE VOLTAGE AT THE FAULT Point Отлар fo CHE 


ер э MUN 
eccu&&MCE. of THe FAULT, THEN Ме = Ем © E у PRERAULT CURRENTS 


T PA 


21 2 
hee мєсєёєхєр, x so ; So Vg MAY BE OPEN CIRCUITED AS ағын BELOW: 


=239- 








EQUIVALENT impedance Between CA) NEGLECTING PREFAULT CURRENTS, 
TERMA S Qt VS -ц -4 
Ae 15 x де 12G 
А15 4047126 


20 | Zo? 


ES : 
e: I. s —j $025 Фо 
ie = lg ETT 4 


250-1246 
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Rake Equivalect 


« 57 > 
(à Tee VE м ASIS үүлэх: per ont 
Жал 


lon 
sas ЕФ (s. te ч) 5 
gis (3- i£ wes qeu use Eee 


- 2 = 
ы DE 


2 = _ = 0.06 ? = 
= G- = Че ES а 226 old Ы 
Жал. 


-~LA\- 


6595-5 0 0 
= ° -5 15 .$ 5 
Ypus= 74 0 -5 8707 0 Per uwt 


0 -5 0 7.6786 


Using “tre personal con poter subroutine 


02671 0.1505 0.0865 0.098 

_ 0.1508 0.1975 04135 0.1286 . 

т 7 0.0865 0.1135 0.1801 0.0739 Per unit 
0.098 0.1286 0.0739 0214 


€ 


673 -5 о о 0 

" e | -S 93619 -47619 000 
Х,у, = 4 j O -47619 95238 -47619 0 per ont 

= O 0 -4769 147619 -10 

0 0 о шю 1 


Using UM personal Computer subrovime 


0.3542 0.2772 0.1964 0.1155 0.077 

= Ф 0.2772 0.3735 02645 0.1556 0.1037 

Los = 4 0.1964 0.2645 0.3361 0.1977 0.1318 per Dm t 1 
0.1155 0.1556 0.1977 0.2398 0.1599 
0.077 0.1037 0.1318 0.1599 0.1733 


< 2 Be 





Оо دور و 419-5--49-8-15-48- د‎ 495-325-j52-j8o 
Yan? -)e5-45 = дл асва „ђаво ; Тл: -45- 400-45 5 ~0 


Yo Ч. +0; Я 45:0 2 Na = Yar = 35-е 
aa = Yaa? 4355) Yaa > Taa = 45 3 Ya Yaar Mose 


RENCE Tue Bus ADMITTANCE MATRIX IS GWEN BY 


— 41:5 e 450 — 35e 

Y o —539o 42-5 450 

eus 450 4245  -j&o hao 
35 û50 duo  -3jze.o 
(> te өв \меврлысе MATRIX Z Тоо 


Pus 5  Ygus AS Gwiw BY 


40-124  4e620  4e656 4о4434 


- fe-G20 jos 45.642 40.660 
Z eus = : : Я 
49-656 36642. 4 ө-162. 


40-4А —— Ae.66o 3.6106 
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7.2.2. 


2 ° ° @ @ 
s @ $v5 -46:25 6 Š 
Ё” g| -1928 denis дод -39426 
da © ° —Ae (4688-2160 
@ ° -áeA25 фәр До.%2® 
Сы» à 8 4 


© 


Аел\бба Дебела  36-%5240 — {4.68349 


4e. беда? o.30 4 o. 64008 jo. 69684 


© 

@ ` 

© | j sss 19-90906 eres nem 
$us 


W! 


A05844 36в.4654 4e. 665A Зе 1626 


Not Ê: Жы MAY BE FORMULATED DIRECTLY С uwsteas 6€ INVERTING 


Sous ) BY ADDING THE BRACES IN THE ORDER OF THEIR 


LABELS AND NUMBERED SU&SCRIPTS өм aug Witt Isi CAE 


THE INTERMEDIATE STEPS OF THE SoLutioe. 


a 


Fe DETALLS of THIS ITEL- БЧ. STEP мМелкер 0€. Con mo маны G 


Gus , PLEASE REFER To THE Сыр &£Otnet об Tee TEXT. 
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2 “о х, К 
@ L, = د سے‎ “2. j A548 Pu ca 
tar A 9:25 
DUE To HE FAULT 
NOTE. BECAUSE LOAD CURRENTS ARE MÉGLECTED, THE 
PREFAULT VOLTAGE AT EACH Bus 15 a LE pu me SAME 
^S Vs AY BUS 2. 
(> VOLTAGES DURNA THE FAULT ARE CALCULATED BELOW: 
N. \— 46.2 642504 
- 40-72% 
Va z о = e vu — 
Va iude 0.3418 
ЁС 30-23, 
V VEL o. baSS 
4 26.22, 


(do CURRENT €Low IN Ling 4-4 \8 
т Vs - NA 0.5418 ~ o. V304 
T ene T 75.25 
É 3. 32 


$7 





240.8696 pu д 


(C) FAULT CURRENTS ConTRIBUTED то BUS 2 BY THE ADINA CENT 


UNFAULTED BUSES ARE CALCULATED GELOW: 


T 2 0o4 


From SUS A 4 : .- 04245. سه‎ 








Жа. 30425 
V O S478 

Egon BUS D: Na a хоор VBL а 
2.23 40.25 
Va 654.55 

Ekom GUS A: - = -4 V5 au. 
* 2-4 4o: 

SUM of THESE CURRENT Cow TRIBU поне = ~A AASA 


Мамасы AS APPROXIMATELY SAME AS 5; А 
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Problem 7.24. 
Generator | Current supplied (Amps) 


















































Sx 52296 
6 58745 _ 
17: | 64491 
Bus | Voltage (рл) | 
1 10.25 
2 [o = 
|3. 0.447 
4 0.367 
5 0.55 
“16 0.610 _| 
7 0.670 
Problem 7.25 








Current supplied (Amps) 
31435 


6 90219 
7 38765 
Виз | Voltage (p.u) 


1 0.569 


2 |0419 
|3 067 | 


Generator 













0.687 
4 0 
0.749 


5 
6 0.375 
7 0.822 

















Problem 7.2.6 





Generator | Current supplied (Amps) 
5 59363 



































6 42348 
|7 46490 
Bus | Voltage (p.u) 
1 0.142 
2 0.293 
3 10.615 
4 | 5571 
[5 10482 ___ 








(Note: Place fault between buses 1 and 2. Also, the nominal voltage at bus 4 should be 345kV) 
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7.26 CONTD. 














6: 0.73313 | 
7 0.77622 | 
Problem 7.277 


In order to limit the fault current at G1 to 1.5 p.u. the reactance should be raised to 0.7 per unit 
(from 0.4 per unit) Therefore, the reactance should be 0.3 per unit. The fault that causes the 
highest G1 current occurs at bus 5 (1.е., G1’s terminal bus). 








Problem 7.28 

Generator Current pu) —— Current (Amps) 

14 0 0 

28 3.273 548 

28 3.273 548 
"31 4.613 772 

44 8.328 6968 

48 0 0 

50 2.067 1732 

53 4.833 2022 

54 3.814 3191 


73% of buses have voltage magnitudes below 0.75 p.u. 


Problem 7.24 

Generator Current (p.u Current (Amps 
14 0 0 

28 1.951 327 
28 1.951 327 
31 3.388 559 
44 2.193 1835 
48 0 0 

50 0.851 712 
53 2.871 1201 
54 2.091 1750 


13.5% of buses have voltage magnitudes below 0.75 p.u. 


Problem 7.30 
Fault Bus Fault Current (p.u) 
1 23.333 
2 10.426 
3 10.889 
4 
5 





12.149 
16.154 
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2-50 (а) The symnetrical iwiterruptiss 
capability 2 


ar орм zr (1.0) ( 26:5.) = 13,15 аА 


Мыз Ус 2 E 10,406 Av 


= 3.61 





at shv ¢+ x< = ке = (a. 61) (4.0) = 240 hA 


(ы The Sy re wete сд L Iter rup tina сааб 
at SAY iss 


а.о ( 253 с010.,(18А 


Siwe tee (ferro p сара Һа OF lot Qa 

IS qreater «ac cte | lo QA Symmetrical, 

fault current acd tre (XIR) те is less, aa 
15, {ме answer is QES. Ts breaker can 

Le Sagely A= Salla at due bos, 
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32. Fron “ya Lle 7.10, 


celect me Боо lew 
(nomial voltaye class) 

aû Чо A rated Short crevit 
"Ceo b rea ter 


Co^ ves 


breaker unt 


соғ rest ; 


Бас а 3 LA rated 


Current. 







АКГ 
ОТЫ) : 


2.30.2534 


Per et Восе бефоёмсе We оог 


10-06835 G 10234 


30,4514 


Ber tat Медахыс Segoe-e Network 
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7.55 





THE MARIMUM SYMMETRICAL INTERRUPTING CAPABILITY 15 


Ww RATES ©йе®Т «байсын CURRENT 2 LA х ла ооох 224404 


ымасы MUST Net BE EXCEEDED, 


LOWER Limit of аферты VeLTAGE = RATED МАХ цн VOLTAGE 


K 
2795. 
- 50 2 Go kv 


WERMCE, le WE GPERATIRG NELTAGE RAwGt 772.8- GO kv, 
TUR SCHMETRICGAL INTERRUPTING CURRENT MAY EXCEED THE RATED 
SUGAT: CIRCUIT CURRENT of 14,060 A, BUT IS ілматар To 22, 4404. 


FoR BxAMPLE, AT GGky THe INTERRUPTING CURRENT CAN BE 


72.5. x \Ч000 а 20, 81 А 
бо 5 


7. BA 





(о) FORA Base of 25 WA, V5.8 kv iN HE GENERATOR CIRCUIT, THE BASE 
FOR Meters 18 25 MVA, ба Vv. FoR €hcu of THE MTRS, 
ч 
Wa о.е ĉ5oeo „ \.е pu 
5000 
THR RÉACTANMCE DIAGRAM iS Stow BELOW: 





FOR A РАМАТ ATP, Ve > iZo^eu у ET = 16425 Pu 


ig x \ Ze? Ao 25 2 -480 Pu 


k 250650 2 2090A 
THE GASE CURRENT ім THE GA КУ Cigacu 18 еа ` 
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7.34. cob. 


50, SUBTRANSIENT FAULT CURRENT = B% 2096 = 16720 А 
(b) cesta вотна FROM TAE GENERATOR AMD THREE of THE fous Mewes 
Сомы Tuaouaen Әбелмее A | 


TRE GENERATOR сәмлемылжа A CURRENT об -ABox = 2o-À4e Фо 
“Se 


БАСЫ Метей ContRiBuTEs 25// оғ THE REMAINING FAULT CURREAT ok 
—ÀAvo Pu AMPERES EACH. FoR BREAKER А 

-м š » 5 

£= -А44ө +%(-àve) s =É lo Фо ok "ix 20950 а 14630 А 
Са) to compute THE CURRENT To ВЕ INTERRUPTED BY BREAKER A, 


LET US REPLACE THE SUBTRANSIENT REACTANCE OF 410 BY THE 
TRANSIENT REACTANCE , SAY Aus > MM TE MOTOR CIRCUIT. THEN 


= . D5 0:295 
Z А - a 40:15 PU 
ы 0.5754 0.26 5 





THE GENERATOR CoNTRIBUTES A CURRENT OF 


vo ы 0.215 
jens 0.625 
3. Ly 5 
EACH MOTOR CONTRIBUTES A CURRENT OF д, * REG ЕЕ 


THE GYMMETALCAL BURT- CARCU CURRENT qo BE INTERRUPTED IS 


_ Adee ез 





x = À) 8.6 РЫ 


(А.о « 9x0 61) w 2090 = 12860 A 
Sul PeSimG THAT ALL THE BREAKERS CoNMECTED то ME BUS ARE RATED om THE BASS 
OF THE CURRENT INTO А FAULT ON THE BUS, THE SuoeRtT-CIRCUT CURRENT INTERRUPTING 
Rating of THE BREAKERS CONNECTED To THE G4 kv Bus Must SE AT LEAST 
А. 44.860, 6715 6.67 еч, oR  G.G'tx 2090: 15440 A. 


A д.а. „м Ci&cor BREAKER WAS А RATED MAMUR VOLTAGE CF 15-5kV AnD А 
Ж ае 2:61. AT 15-554 is RATED ЭМоаАт-сайёсшт INTERRUPTS CURRENT IS 
Фасод. THIS BREAKER үз RATED ЕЕ А SYMMETRICAL DVoRT- CIRCUIT 


ретекезетес CURRENT OF 2-GIXBWO т 2.560 А, ATA VOLTAGE of 
\5.5 [2.61 = 5-&\\. 
-254- 


724 Con TD. 


‘THIS CURRENT IS THE MAMMUM THAT САМ ӨВ INTERRUPTED EVEN Thoucu 
THE Өвсвөе МАЧ BE IN À CIRCUIT of LowER VeLTAGE, 


THE SHORT CIRCUIT InTEReUEring CURRENT RATING AT G.A KV в 


15-5 


х 8400 z 20,006 А 
THE REQUIRED CAPAGILIEY of 15440 A 1S WELL BELOW Бо/ өв 
26,6006 , Anup THE BREAKER IS SuitAGUE with &ÉSP&cT 79 


S36oeR t-cuRCUlT CURRENT. 
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Chapter 6 








а. |. Being tre Демін ç given ia Paste 8,105 
a) o d = ا‎ = ве 5 -4. [-180° 
( ta = at (trata) -2a C.O Bae) ~ ~ 
Vas asss 
о 
1 
ERS 
(Ы) (а) +) 20141 Л 
a= 52 x AT тт 
( ) a (i-a) TRETA 
= NS _ №15 


т = 227132. c 
4410-4) ° шах 





(O 6-205 (РЕ (1-8) = m саг” 
0) (ане) Quse] = bae" > 


| a | 
32. (à (a= a(d = а = - 1+3 


(à G Li = ба? = ГОТ els -as 4-28 
( (-а = (ve =) = = (т = о-ізт 


= ©-15.1а6 
a ын "n А в 
Cha SE S a s 


= 0.6065 / 49-61? = 0.3424 + 10. 461.0 


м| 
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Ге V. ov X jose" , | Хас х (зад эл доо” 
соз foa х | a o? 10/34 = © Vae йе” TET 
i. | о? o. ло [200 хаёл [228 + [зз 
ә “вы \. 6833 Lad 
> № o«4?.acac | = la.easv 286 | A 
o -46-2856 4.4520 (236 
x 4 ioo /9 АЗҒА Lad 
4 -% too - ЕУ 116" 43 M 
12 (ағ о. ув! «939 
[2749 AAD [45° 
e.5v16 [ 7715" үл. rl | 
VADA zi GA A [-\5° 
8:4 
SA 11-11 20 180” ».o[gc? 4- мо/6 + 30/180) ° 
— м сэн” 

Vinee О a toojo’ |= | хо/8о + Loops? +30 |308 
Won Y аа зо Р 22 j Û + 100 ыр 430/60 
13.47 114.10 "70.01 [15.08 
= | еу, -142.8 |= | 48,09 [251 p ЕЛ 

- 31.53.41 11243 135.98 |103. 
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‚(®.\аз) of TEXT> 
1, т УСА Ze.) 


> 5 Саз [o^ б [290 + JA у 


664-4 6121-82 LAE A 
1, = L CXT. < a X a o^ таз 
= s tz£e £236 /-ас +» t za (g 150° >) 
= y Cun 6/29 +a [ъо°С 
T. 


2 & од. «дамы алд _ 
- p 2 Ж 2 


час (S9 + 1/242( (ас у +126 (3 / vse у) 
= L (ба (o +6 1567. в -as) 
в.с 5 


>2.21-4167- 2-81/-36.9 , 
(0) EQ.(&V55ot Text. 
Чыт См = № +9, 3 


= (ote = во £38 до /-30 у 
7. Š 


=ll&-j2O= WG (му 
ыг Mea V, + a V, 
т EA A248 (%о/>е )+1/ i28 (ав [-30° У 
= Cols + 8o/-36 + 4o (ағ) = 10-јдо= дала. 
\ = Vt e V, +O V, 
= [tole ач [429 (во 1364 V [rac (40 (20° 7] 
= (оо (°° 80/187 до (2150) = ааа ас 26M | 
(b> ue чыл Vy (44420) — (16-340 = 4 + 3 Go = 
Wer Q 


= 120/364. 
poe а О0-440)3-(-44 4436): to 4 ¬ 60 = 12a [239 Va 


со Va -Va © C4 53205 - (144520) > 
(0.2), 52 š Now * Nue ҮЗ = 
Cay 24 (a Lee NL. +o Ver pensi [id (1-54) 4. 1/244 (aox/isa)| 
£60") = 64.33 +120 138-6 L60 Vg 

Би eine) (4f hey) 
21 +208 LEF )= 24-644 60 « E eks 


-208 “30 = 208 [180 Y 
302/326 120 /-564. 208/180) =G. 
-% (120/364 120/96 x 208 
Wan), 5 ЗЭ ос Үе aV. у) 
2 5 (о/з {20 
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8-6 со». 


рен 


Since Wax), = Маз -Vo 20 
kup Wad, = Va. - V. ‚3 Wawa = Va ie Mis WE HAVE 
Vono = e е. -(/в/%4)%,; 5 Nena? :Q2 =ç 5 V, 
eq. м, =( = [=3¢ ) V. Амно Vas CBF) V. 
APPLYING THE А Бем, owe Дете 
E : ба Lovo’ (138-6 Cec") = %0/з2 = баз «340 4. 
№, = ЖЕ „з ет а Ао/-Ъ9 = 34-6-5204- 
PHASE. eee ARE THEN GIVEN BY 
Мыз Муз Ñ, = 1038-44520 = 1054 Лоза? v 4 
ах oV, = 1 [2480/88 Ja \ jus (ae lsa) 
z(Be[-ad + до (50) = -346 «. 40 [ISV 4. 
Ve. заў +a V, 31 (ма (80230) «(зас (40-30 ) 
= 80 (56% Ao (219 = —tsA х 20 3 1054 / 168^ у , 
THE ABOVE ARE HoT төв ЗАМЕ AS in PART беу go 
Kow EVER, CIMER SET WILL RESULT IN THE SAME LING VOLTAGES. 
Мате THAT THE ZERO“ SEQUENCE LINE VOLTAGE іе ALWAYS ZERO, 
BVENTMoUGH EERO —SEGUENCE PUASE VOLTAGES MAX Exist. 
Su IT 18 NOT SoSSt@LE TO ComSTRuCT THE COMPLETE, SET of 
SYMMETRICAL COMPONENTS of PHASE VoLTAGES EVEN WHEW 
THE UNBALANCED SYSTEM OF LINE VOLTAGES 13 KNOWN, 
BUT WE CAN oBTAIN А SEX WIT No ZERO- SEQUENCE VOLTAGE 


to REPRESENT THE UNBALANCED SYSTEM, 
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° V d ° s Lad -1/-за” 


sd 25 "| = 1800 а 
coh 2 i500 [90 | = eI в але" e / 240 
2 vol al | їваа/-Эд (зэ «1 Гао? 

4.866 440-5 1661 {2° 
Soa 
| 2 (ак |+ |зъъ Zwe | А 
e: 866 +405 166-7 / 3e 


CURRENT INTO GRounD Т = 51, = 506 [30 А 


в 


88 Val = Va- V, 5 Neh N= Ve j Маат V -Va 
"V Vast Ype t Vea =°) Varo 5 Meo? М 
Choosing Va, AS THE REFERENCE, 
Vasi = % ( Vag * O Vue ос Vea) 

=$ (С Gar Oe CU Ve) хох Ce Va >) 
=] C+ aly + ө Ve S- (aa + Vy eave] 
` x [C V, + AN ко? Ve) = oF Qi se Ne oS 
т чч, C + оъ & Vel] (б\-о®) Va, 
EY өзе 
= MÀ 

ов? 5 Җ С Чу * È Мы, + O. Vea) 

CERY + CR Se) Ce 8) 

{Сы Ny қоза ) - Cava © Чы з e eV 

E р УжсМ2)- ac Va. зе OL “М OV YI 

8|0- 5167947 „азе Is 0-09 Ve, 
md 
> J> Vas € — 


Bg. Clos Stag Vee AS REFERENCE AND FoLLoOU ti 


pad 


<t 


- 


pie vt 


SINLAR STRES AS IN PR. FS Satu NON, 


Owe CAS GET 


ы Зав’ : ux 
Vico 2° 3 ы е. T 
Өс X 53 
Амт cg? же М. e = 443 Va. 
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8-10 pee t 3 1 засв 


ы 


Viga | А`а | 260 fiio” 
| | зоо” 4-220 [2132 ы? +2.60/110" | G66 + S5 
7 Ж | хзодр narodno? +26 حا‎ = | 573.4 -J ъё 
хав Р HOLE 601230. 4.563324. 15 
Ч, 551 [98,152 
= | 215.7 [2663P] V 
24.87 [2.037 
(e) E “a SV Leolo? - 240/-150° 
Fae | < | ہے ےچ‎ | = | 0 = ою? 
V 5 26 — 190/0 
| Мед. "Vea Vag o [ uc? Пен 
Чое + 2222د‎ бт, 125: 4T. 
= | -qig -iee |=] 476.6 [558.2 | V 
~36R,59+I) 244.5 442.5 [146.5° 
E | 1 I 1] (с.е 1252 47? 
/ доод ar ч . „© 
CE Me e - ! ын || Чо, (358л1 
ua б а-а || 1x5 [146.59 


516.6 [22579 + что. [258 a? pyys (1165: 
+ 516.6 (asin? + АЧ fang. e 44S /3,6-59 
516.6 [25-470 + quu cf sg, Р +4425 [ace S° 






o + do ° | С © 
E 43€, +1184.5 | = | ann. G [23-52? ІШ = V, ‚ #3 
28.05 +} 52.73, 43.08 [44.412 RE. 
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LAE 
THE CARCOLY 1% басым GELews 


ae Eas te ¿eA 







ь Tye ve Ziska 





2 : 3 9A 
Зо з & Cre Ls" +10 (188 +o) = o 
= Л Се в /g" әле Га 12° +o) х 9-3 агаа = 5:8 257 
Гол = aC jo Lo + to ТАҚЫ +9) = Ба42.24> 5.16 {эё А 
TERS 
ато ҒА , а= Ka so А 
3± 0 ± 518/7158 4 у з ої, = 5-18 [99° A 
Tuto Fa бла LWA , foi. 5-18[-99 A 
$42. 


мота Ан ERROR In PRINTING: Ушу ShouLD BE 1846 (82-87 


SELECTING A GASE OF 2BeoV Aud Soo VÀ, ЕАСИ RESISTR WAS AN 


Мареоьнсе, of 170 е“; Vay =8 5 Nees 2 М 


ato 
> са. 


THE SYMMETRICAL COMPONENTS ӨР THE LINE VOLTAGES ARE: 
> е а : 

4 8 [816° v2 f 1207 Ara? Seo [2494185 J = 0.2152 t9: 9455 
Мом 4 ` (° ГАХ (за, ) 


= 0.9857 /72.6* 


Уу э. 24 CL 8 хха, (240% ала” БАХ: (ухас), —e 4140 40. ibi 
(THESE дев im Pu бы Link. Te Line VeLTAGE BASE.) в 2546 (21e. 2° 
PRASE VOLTAGES In PU oM THe BASE ор VOLTAGE То NEUTRAL ARE Given BY 
Fanı = 0:5851/712.6"-3d 20.9887 42.6" eae AN BUGLE ас d 


iim 1$ ASGiGeses то Vea 
Vana = 22546 (22303438 = 6.2546 / 250.5 
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Siz Contd. 


ZERO- SEQUENCE CURRENTS ARE Not PRESENT DuL To THE ABLENCE 


OF А NEUTRAL Сом мхом, 
Za = Va [119 = 0.2851 ДаЪ.6° Pu 


Та = Vea [Ме = 0.2246 /250-3° еч 


TWE To$itiv& DRECKON оё CORRENT 1$ FROM THE SUPPLY TOWARD THE LeAD. 
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ESE Enol |: tole? 1018 + مد‎ EW? 15 [92° 
@ |Zu] 23|: e e| е |= | 10l наар зое + 15/530° 
| т, | a all 18120” مد + ادا‎ [1507 4-15 Jo” 
NEU 3.12.7 | -26.57° ] 
© | 13.444Jo.8333 | = 13.46 | 3. 542^ A^ 
-G-T]D + Í 0.9555 


G. $21 v3.07 


у |24 Ta- Teg | во [> - 18190" 
ть - Ти - Шай = о/-4 ч 10458 
Tc Жас -I 2) 1549 — 221-90? 
ю- 415 18,05 /-56,510 
12-42 | = | 22.56 23340 | А 
О + 135 35, 108. 


i ° 
с) ба À 1$,0 3/756:3I : 
-a| ıa az [2x56 [281^ 

3| i аза 35 /4о9 


Trs 
Fii 
Бүс 
i os 1:56319 ч 52,36 [243-49 + 15/40? 


К 


12,03 |-5839 + 32436 3.49 





+ 55 / 330° 
18.03 12865210 + 23,36 [123-42 4-35 / 290° 
o + dio © o 

“| 20,6% - 31059 | = |x, sa сав А = 81,156 
-10.87 = Yu, 612. 11.31 [223.09 (52, [c 


-26GVi- 





2, ы 2, = G«48 = 1 [5ълъ л. 


Z. = 
Y. V go |z. = 7-551 1718. г2/ i [5%. aps 07551 / 24.44" A 
Tx en 5 2.15 л(-6.вьс/ vo (SDS = 21.57 [= алс A 
ғ, Улс .... 2.482/29.3 А 
Ч х oaas [245% 
£d. 21.51 [52-16 
t. 2.д81[26.5° 
ала / 24 ^ 21.57 (-99:167 + 2-487 [26 
2 9.1551 | 24 aaa 27-57 Like: 24/4 2: дал 146-3 
essi 224-00 + 27.51 L 6% ас e naa [3668 
16.804 - 432.4 28.0 /7 5949 
= 22.46 så "S84 | = за. (576.871 | А 
14-214, +4 2018 26:00 (56:31 
NOTE. Since THE Sou&CE Anup LeAD NEUTRALS АКЕ CoNNECTED 
BY А  Z&kRo-oWt WIRE 2 
1 Ге Rerum] preme 
2| =| р | 290 [=136/10/5a08 |= | 24-0 [ їлв-ал 
E | Ёс 260 [sd o L3۸3 260 (| 56:81. 


муса AGREES ати THR ABOVE RESULT. 
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2, 20 


@ OPEN NEUTRÁL 


"se Fron ereo, 3, шаал шаасА, 1, 2-Авт[26%А 
За ` ` ` a 

3, z \ o* a 27.57 /-5а-л6° 

Ха \ ©. a 


2.a81/ 26.2 


27-57 (-валғж 2 „437 [26 Ку 


° 
21.57 [9 + 2.487 [1465 


9 
24.57 /бел + 2:4 $1 [2663 


16.120 = 422-12. 21.86 [54.44 


—29.64 44 2650 24.66 /111.56° | А 


25-36 /57.11° 


13.556 54 246 





‘Eo =o 
GO 
3 
хут m 215.9 -6-6G319 
To =O T, = /-е-өз 


321/ 53.130 
= 24.81 /714.3° 
жас w настар SS 2 


(са 


= ' í d о 

Ta " Эл 
= \ аса 1.36 /-$9.76? | = 
гы 1 s 

= 1a oe 3.131 [abe 

гс | 
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= 
=. 


BEU р 


„131 263° А 


Чыла [Ster | 


pa т 


= 41,26 )-<4л2 


ҷч,9 f 171.56 | А 


38.54 1517.772 


А 








8 <y eb 

Hot ete SSI LIE SON A 
жо *elio 

= _ V. 2 x< b 

=, = = 5 295.1] /-6531 s хасаа |-xs-uP A 

“1.445Ч [260579 

== + nO 

=, = Муаз 2 24. 81 [74-432 = 3.336 / 52.85 A 
=. 1,454 J 25.5 7? 

Ïa rey 60,7333 LUI 

EL| =|р аа || 38238 [222-209 

uw та о 5.556 / 53-569 


о,лааз [A-SI + 36,24 [755-45 + 3.436 53.80 
О.п 133 1455149 + 35,47 Doe. FOF 3.336 / 22-80? 
Os NRZI LLIPH 36,47 | v6. O 134536 (292-0 


33.44 - 417.53 34.48 | 235.5? 
2073540 - Мьло | 5 14, [254.52 | ^ 
Ц, 082.4 ] 22.42. 34.16 | 83.47 
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3 


toi te) P ١ V Rac tatta) бад ara FAR. (t tas ite) 
: = + L 

= ъз]! © ања а (арнат arawa r ah д 
*ip Я loa жака Ze) (Ra ағала (sa taw ata 


1 [Rack Pact Becht Малы taet Buc) | 
ЦЭР atu EG) all ta)+ tach +£] ыс (аљ) | 
(Raat ary ta waya Ea Gee) + (на) + (бы) | 


(Bact «а LL TA сұлама нұ Fae (ана) | 
(жад Fa, raba y Hat (sa at (asa) +2, (^ra) 
[taa га! cH yi tat (Ara) + Засааүны (daa) | 


ойр НО) Ta, OAH 2ас (зал) Жж (2) 
(Rag Ба аас +a $ (А14 Ha бажа), (ача 


Sat а аљ аљала а | Si crate atap a Bac “tae 


ааъ а ааа Жш [245 9 (tec Bal” аст ис. 
tata tawa талцал зас Bec Saa Fate ue жақа зайлалас Жс) 


ад ЛА ut tena Zal atac = бус, 
злата таза alta 2 Фа с 
Фоа Кее 7 Фарде = Ж 


-2.66- 








Writing vu eva tios | see egs (@-2-1) -@-r-8) | 
Vag tya + =, (Eat Eyre) 

Vy = а ть = En CE е) 
лд = 4 Ес tën Cra. E CX) 


Шы matris Forme + {с ее eg (e264) ] 


(4%) =, = Ta 227 
X (За +E) En Tu u AN Ре 
Zn = CES) || e Veg 


Жа тоо Јо” 
| = | ча рер 


= 50/40" 





СЯ G5), ii , ji ное Јо? 
т, 4l И ГЕ so [40° 
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. 
e 


B-\Gcenmm, Pergormimg the iwvhicatedd x Taverse 


(e Се Co =p pter Salotion is cuqgested) 2 
СЕ а 2 : "S Fii 
Ta 0763 [= хөлс? О.оъы 150-12 oobi jiso | 110010 


EL| = | Oco2b\ [1502 — 0.176% j-S?’ portie [160.22 | | nç 120 
Te О,озы& [18020 о, orots [iso 0.143 [5656] | Soja 


Fivally , performing the pacheate matris moltipheatient 


л ; o 
e Үл,65,|:56507 + арц [530.22 + 1,2 08 [240.2 
Ty |7| 2,66 156.2 + үҗ,эл./1а14.6° + 1.307 [2.4002 
= 2.618 ISD. + 1,964 | зол? + 6,815 [33.57 


Ta 104446 -316.8| 14,47 [- S732" 

E. |= |- фах +1 ния |= | ваз فحلا‎ | А 

Жа 6,83 +3 5.141 ES | 391-417 
вла Stefi) Calev ete че Sequence components of 
(e) уе арине of veltaqe t$ 

<= о 

Vao t + d oojo 


= 3 j 
Yar |` жаат || "$ зо? 
| аа S o jac? 


= a 192107 + epa? + sofa? 
100/02 + 9с [30° + so/sso° 
toj? + 95166” + Soja 


8,5414-1 16,667 1 65 [63.452 
= | eoan- |= | 6.32 [726-589] у 
31.40 +Í 13.53 34.0 [22-19 
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8:19 (b) 








Ste РОЛ Draws &egoe-ce Wetoorks? 
Єөмү oO. m шай 
: =, Ty 
Р + 
x F € 
40 = 38 24 Е 314 يي‎ 
ч < 
ое Kyesative 
Segoe e Sequence 
Sterk) = 
seve w= Әле. Узе 1%.03 [62-982 tg, з 62-3? 
ое = — = — 5 —  — 
“networks | Xe qr n 5411 ч.6 166809 
mo = зең [DE А 
v .32 6طت‎ | п.б 
=, = `a, - ۾ ع .ع‎ So зы 74,58 
71 34 5 1 53213 А 
= 7 л [22.949 
ыж Аш dde _ жік dodi" 
= S | 53-135 
STEN caleviate tre line corrents (phase comp neks] $ 
= 11.1 2-444 [73-39 
E, |3 |t ata ||vs.uc [7125587 
X |a & || C. 823 | оч? 


22446 [7137 э ра ш, JASE? + 0.42 сардаа 

246 | 3479 + аль [160.422 + 6 „821 | 84,868 

2446 1-38 + 12.86 | 40.422 4-6, Far [554.86 

108 - 116,81 14,44 | - 59.512 

5 [Cans nad |= | was [x^ | А 
6373 495,189 @,63) [39.457 
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(Оу Tat Link-To- LINE VeLTAGES ARE RELATED To THE A Cureenrs BY 


Vale A21 ө o io» 
Ме | = | о 510 Toe 
Naa ° o É эл x ea 


TRANSFORMING Ty SYMMETRICAL Ca МРОЗЕ.МТЗ , 


Vas ° Aa 
А | Nae, | = ae Kas, 
Vao 2 о o Эл 


PREMULTIPLY ING БАСА sioe BY А“, 


Nabo ja7 о ө 
Vous | = дэт АСА n o фло 
илч lx o o á> 


AS Sows ім FIG. 8.5 oF THE TEXT) SEQUENCE NETWERKS fof 


АМ EauivALent У REPRESEN TATIOW of A BALANCED “A LolyD ARE 


GWEN Фон. 


jan m 





(b) Va А Mutual \MPEDANCE OF (46) A Barween PHASES, 


521 5G 46 Yag 
A сы, je 323 46 | N |. Iw, 
№5 2. 36 ja Ioba 


Жем Флай ME CoBFFICIENT MATRIS \um Two PARTS, 


Аза іс 36 |o o АЛ 
36 ja 36 | «АА өх о| 496 V Хү 
36 4 j> ooh ` A À 
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9.20 Cowtb. 


== 


AND SUBSTWHNG lum THE PREVIOUS EQuanow , 


Al © \ t \ 

Paar - = . = 

Mass be paz A AxjGêll \ 1 à 

Vais э. а Tay; 


t 


H 


» oo 
© 5б о б o 
424 o со 
454 © 
= o 424 
? Los. 


THEN THE SEQUEBCE NETWORKS ARE Gwen BY: 


* > 
X 0 3 « 
"ads jean хүл, B АТА, 4- 
puto 


Zi 
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8.24 


m— 


Grom ва. (8: 2-28) Awd (8.2.24), ТАЕ LEAD i$ SYMMETRICAL. 


Оена ва. (8.2.5) hup (52.5251 


2, = Ãaa * 2 Ža + С jlo E 


2, * Z, = Zaa Žas = 6-4% ال‎ 
сл с ° 
Zs ` ° беде o ساگ‎ 
° о 6*4 


22. 


ki 


Sinet. 2. {$ DIAGONAL , THE LOAD 1S SYMMETRICAL, 


USING ва. (3.2.ъ\) Ант (8.2.527): 


2. = % «4 2 = Zaa + 2. Ёл. 
Z, - 4 = Zaa 22 Zar 
SOLVING tHE ABevEe Tho EQUATIONS 
Za = + (8+24) = A Casia) + Saja 4 
> 5 ЭРТ 
Zaa > E. t Ағ A 
© + $ aja 5 +44 
Ze = К 
=? 4 +44 8.44. 4494 AL 
x tae 844. Made 
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3.25 


ти 


TRE їамЕ-Тө- QReuMP VeLTAGES ARE 


sig Ai, + 2 +2 


Ae 


Va = 2 


pat 


i. э Зах, - A iet Zain 


Ve = dai xig Ж ZI. 
SINCE Xa = £ т 


2 Brat By Zh Yo. 

У |= 120 ж.ж. ЗАЛ 

Ve Z+ UM Zarin Bete, fe 
қ” ыны кат а, 


OR iw Compact Соғым 


гром £G.C9.2.45 


E 2 2. \ ` a Est Én Amta 2.22 K v À | 
* 45 3| v оо 2.42, 2532. 8.33. \ о? о, 
\ a a = >` = < 


су о 
x ° Жа-Ф ° 
o o Ze - 2. 


SEGUENCE VyACEDAM CE MATRIX 
\AMEM Ta&eE 1S No MUTUAL Cou? LING : Z... = 0 


= о 
Жар хе ” 2. o 
o © Ža 
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8.24. 


гэн 


COD төв сан 1S Shown BELOW: 





E — ЗА G у 
хайс Сул Ta «АЛЕ, ~ 2) ть (2 Va V s Vine Í >e 
(бау E, «Од WT. “U4 T= Vyas Nuca /-44 
KEL: Tu Хы < K. зо 


ім MATRIX Foam: 


32-16 لاۋاز‎ о ža № £3". 
° Cáu-44) -QGn-àc|| & || vL" 
\ \ \ 5. о 
= x E мәйек M, = too fF, 


Setving FR То, Ty, Te , быр GETS 
- С т ы " Ч 
asies faa , Хус 12.5 (1507 5 Тыз V5 [39 А 


2 


CD) USING SX RRETRICAL Cot Con EIS TS, 


Е ° Қ áo +2 (Aa) ° ° 
Ne | eos ; AŽ 5 412-44 © 
9 ° 


° 32-44 
FRom THE Setvtion оф Pree. E ло 
Ulan SUBSTI ТОТ ма THE VALUES 


= = == х < ` ou 
1. = 25 Ve AND XQ = AT, мА. да 

5 aa 
Vau Cu RESULT м 


bad s Е 52 = 45: 
Lat 5 [226 у Tye 5 (зе » Тоз 12-5 [pe A 
Маса 1S SAME AS te Cad, 
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ЕЕ 
= = = ух. 
(оз Я. A А А è: 21 4 11 
5 Y $ № | ва › ASE Y о о 
` e. о ах а 


THE LOAD SEQUENCE IMPEDANCE MATRIX COMES 69% as 


8 +A D2 6 o 
2 i $ зо 
25 = ы; 3 9 se SEE THe RESULT OF 
Ë Š @—zo PR. SAS 
сы” 
22 260 {25 
Ve = | dee (шээх : Vaz KR m ‚ i cs als 
$6 / 10e \ оз | 


SYMMETRICAL COMPONENTS OF THE LINE - To- MEUSRAL VeLTAGES ARE Given BY; 


.. = 6 ө 
Vet 43.1134 [51.6268 PARTE wai [9.0351 р Ч,- 01.6221 [45.2425 V 


(со 


==, 


Na = 2. І. ; Is: 25 Vs Wich RESULTS iw 


1,2 \. 4.48 4, 18. BBE" $ Заз 5.25545 -6$ 25v 5 X. 


Өз Ip =A X, E \ 
ха ах 


THE зол 1$ : 


2.8608 [лы A _ 


=. 5 z 
Зо: %Ф.1561/-41.е454 5 Ту 52292 [1422451 Xe 3.0280 / 24.0605 A 


-215- 








GFE + e 





SSIES 
(344) + (0.416) 
: [18 432° 
= ilu ا‎ ч O,302L0c | ч.ла? 
25 [53.139 
= ХА E "AO | І 
=, 5 —— - 2.95.1] [-6.631° | per 
(514062 Ye TE. He - 11.03 59,742 А 
толоо ee Se ЕТУ 
(Gah x. јез? ^^ см А 
Za | od 4 02302. |ъч.44° W2 /-53.15° 
Е. | = | ata || ios [25985 |= | кв dear |А 
Ze га 8Ч| 014484 [26-307 10.4. [56:817 


Also, simce the боотоё ard load мота: are connec ted 


wits д его олкы neutral Wire? 


[: IS ч 1.3. [- 83.128 

Xa ЕЕ agolo ШЕТІ 418 IL 1 [5312 

+. > 5 = = = -)£3.1e 

Eel” | Wa] Ни)” поно [>з n, v { мы 
= т x [ 15 56.87 еске 
E. Va (ary FEN бое |, s jg. ue | 10,4] n ver 
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(оу KYL: Wa, = LATE SEINE dy + ہے2‎ + Banin ^ Vote! 


ах Ras “9 
"Мот AGG DRO ACROSS ME LINE SECTION Is Given BY 
Vou Маш = Rs Fan) E+ C Zann Zand CPE tke) SCA -2,21, 
Sie LARLY4 сок PHASES b bao C 
UNE Е NS (Zaa 2,25, + aw Zan atiet CET 2) In 
Ge E Жү e es 


KEL: T. > — C X. + É, «Я. ) 
Ulan оъ $S1TYXUmo rl 
Van- Natus * (Boar Zo -22..3 TEC Z ke EH 2 Zan 3 т, 
_ хк ( Baur Bun Z ES» Xe 
View T Neu = Саа t Bua ہے2‎ Pa Chaat Zann 2 Ban) ie 
* Cap ^ سے‎ “2 Ban 726 
Ne “۷ اې ام‎ = CE EAT 22, X1. Cg. 2.23 fas) i, 
«(2.2 +24 ~ 2B) Fe 
qut PRESENCE OF ME NEUTRAL Семрчистой CHANGES THE BELE- AND 


MUTUAL IMPEDANCES OF THE PHASE боёрислоёл To THE Fet.Lowti G 


ЄЄЄёєєтүуүс VALUES: 


= = - = A AU wx u 
2„ Š ہے “ھ2‎ -224, 1 4.25 Во“ Sun “24a 


USINA ME AGE SEE tros s 


Noa: NE АИ 2, “м 4... ka 
e| W. ue ES RD а. ||, 
Vee! Ness -Vow 2 ^ Z 2, ie 


WRAARE THE VOLTAGE DRAPS ACROSS THE CHASE Compucteés ARE DEw tap SY Vaa! Veu AND Vae: : 
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8:27 


Сент . 


(b) хөв &-b-c VOLTAGE DROPS Awd CURRENTS of THE LING SE CTUM CAU фе VRITEN 


iM TERMS OF THER Әхми TRALCAL Cea HFoNÊNTS Accessing To ва.Сал у. aqu 


PURSE O. AS WE REFERENCE PRASE, GRE GETS 


Maa © Zs- z, , 5 2... 2. =. Yao 
А, Y] = z 2 2 > z 
Oa} ы 2s- 2. s ын z. "^ Bw A 32 
Veale ° Py 24-2 Z... 2,3. Ei 
аз, 
МОСТ Роч Q ACRSSS BY KS, 
Va al = 
i e ` 5 Ы ог Хао 
Vas са, а 3 i 
aay |= 2.-&„) Е vk v HA | Та, 
Vaaia: tur Vou Ia 
Nas! o Жаз 2.2... . e Xe 
28 Naati | = ° Z.- E. s Зэс 
Noe! 2 А “ Zs- Z. Зал. 


Wow DE Frege BEROM , Posttwes AnD NEGATIVE ~ SEQUENCE [IMPEDANCES Iw 


TERS of mu Ань Zu AS 


202 Z. tA. > 2 z 


2. 


aa * "В, + 92, ia 


MJ 
a Ea Ã = Aga ¬ av 
Z, = 25-4. = Zan - Zu 


News, THE S€QuERNCE Cor (olg < dF THE NaLTAGEÊ DRAPS BETHERN THE Тыс ENDS of 
TRE Lime S&ctiotó CAn BE WRITTEN AS THREE UncouPLED EG uations: 


Nae! e 2 Nane E Маме = 2. Ias 
Noe = Nasi - Vas z Ж dar 
Vaa 25 Уауа- Vaya E Фа az 
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B28 


(A) “TRE SEQUENCE IMPEDANCES ARE Gwen BY 
Жа В.“ 2 2 ہے2 € ¬ ہ22 + ہے‎ = jéonj4e +A 240 — 4160 = 2160-0, 
Z > Жас Zaa” “ہے‎ jco —j2e с2014-6-0. 


THE SEQUENCE Confee£ute of THE VOLTAGE DROPS ін THE Ling ARE 


Vao! o Van” М Valea! (82.0-154.0) +4 Coe = 28.0) 
Vaa! 4 |= к View Ws -К 612.24 44.24534 (52.62-14.62) 
„ааль Ves -Vew -(Үлвгад V8: ду Y 8 су 4 ӨӨХ) 
23.0 4442.0 2.8.0 + 442-0 
= к" 2to«À4A7. | 5 6 ky 
2.8.0 + 42.0 о 


From PR. B22 RESULT , IT FottewS ТААТ 


Vaalo s 28,000 4 42,000 =à во 1 Ч, = o :й&о dac : Vao 22 9=449 X. 


ao > Qat 
Pron WUC THE SYMMETRICAL Coto NENTS OF THE CURRENTS us PHASE ©, ARE 
Tag 32025-471574 у Ia, = Iaa? 


TUE Line CURRÊENIS ARE man Gwen BY 
Кыз Хао = (2.63.5 - 55 A 
(ы) WITHOUT Using SYMMETRICAL Confos&u ta: 
THE SELE Амр MUTUAL IMPEDANCES [SEE Sownen of PR 8,22 (20 ДАВС 
EP 2,4 Д -2 Bon = }бо +480 -jco = 480-2. 
2 LECT اگ 4 4 = 460 = 4480 420 = ہے 2 ¬“ ہے‎ 


К LINE CURRENTS CAN BE CALCULATED AS {see Sou men of P8. ©. 22(а3 


2.8 44.2. ів Аба 440 $a 
e 234442. 420 44 i, 
Jal (28-442 de de delle 
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$2289 CantD, 


-l 


284542. 
234342. | кө? 


284442 


2625-4jus | A 


202-5-4%15 





Е дво Дае à4o 
z, =| Лао dee Ado 
Xs Sas 440 480 
2.62.8 ~ 4\78 
8.2.4 
' А, = 50:5 x 200 = ioon 
E, = §2%200 x 3 400-2. 
š 2 


- 


NO MINA La 


Stoo. 


A d: 


co ` 
T xo sS Ї Зака“ 


PoSitive. SEQUENCE сааслат 


AND NEGATIVE SEG@UENCE сэй cin T 
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(Yos Азхаб зоо, 


46x16 5 
23 -4 % oa -4. 
Yo = 41x to X 200% jo = 42x 10 


5 


W SEQUENCE CIRCUITS ARE SHOWN BELOW: 


44000 
Ё! Е : 
` -4 : - 
ү 5 [ dime %, 


= 
ZERo-SEQORNCE CIR ент 


(а 


ES _ + a 
(a) Tag = 25 = 480]o = 25.41 [-29.05° A 
Cigeg ic) 20:54 (25. oso 
Ж.с. У x 4go | эхо? 
(r$ rale) Taig a UE 


к Я 


в 


Lio 


+L 


рэн 


Cu 


Ta = Тақ = 23-3! |-24.059 A 


n 
= 


- 00345) (18,069 A 
25.59/24.052 


Eec LAB = 13221 | - 149 -05° -13.81]-190£5 


-40.3 -30.6695= 40.38 
306.957 


180.95” А 
“Жа, = | 


А 


{ 44 23-31 [723.087 
Tita а | | No38 [150-952 
Italo | | 23431 139-159 


L [23.31 Фо” + 40.38 EOFS + 23.31 | Зо 95° 
4 | 53-31 [229.052 L чалх | 300-15? 4- 23-31 [296.955 


23.31-29.05 +4 0,36 (60-98 4-23-51 [ 180.15" 


o +30 о 
13.89 - (22.04 2.6.32. |= 83.06? 
6.536 FANT 


А 
13.46 | боль? 


2 A= 


В-ы Я Жа» Linen =O ures 

























| 225 
juan о.5 [85° x. EN 
x 3 Ë 9 
3%, Eft n. Cy PL = 
tere Sepoe nce 
eal Lumet ілме ` 
К : | Т? 
ЕЭ V = 482 /i gee | Y, _ 20 (ча? 
42 лето Fumez 
Hon í 0.5 [82.5 > 
іше Ze a عد‎ /чо < 
меда 3 B 
5 €Qexie SORENE 
Tiree 3 Tune O 
ы _ Va 259 | 18D. 
Mei а == = 3 
ша” Tp 0.5 [&? + 22 o> 
: P 
= 2717-14: [180 2-774. [180° : 
- = я 39-27 [131.4 
5 14ء‎ 4 +3 4.178 7.059 ] 2.26] ^ 


282. 





< 


"Va = ` = Um + ме Tas 


. “босо [ees ісе 
ea ee . ХАЛ / 36.81 A 
(2995 JZ (0۰8? 


57 . 248 . . . 6 

N aa 5 [o' « (0:5 [BF ) (15-04 {[56.87°) 
= ғол Jo + 7.52 L687 

мет +4 слов = мал Голод" V 





Va . 43 (64) = 202-5 V Симе To- Lime) 
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@ z Converting tne Á loed ko as eq o va lent r, 
а-а tees wo reni two loop sss 





(ЕЕ - (у) Б; - E | 
Gi ER мағы) “E Vag A 
21244 ] 1328? -10413 J43414^ (Б e - 22 


“lO. [43° 2.1e 46 | 43/169 " элт |с? -эу-ш? 
- 

Xe |. [2140182168 | 210.0346? ТТС 

га тол [BAP 3440/43/55 | | 465.1 [2.6.950 

О.Обалз /:58:760| о. озот /— 42-76] | д.5 [ 116-38? 

0.03107 -93-189| о, осиз |-чзчво | | 65.1 28-96" 
24.9% [101,57 + 14.45 | 889 Š "45 4-135-577 

° 14.44 [1028 1^1 18610] - t €f 14458 +j 0,338 

Ic 2 | 26.62) 13.770 Alo, Жыт -EL Be 

sE- 25.1 164349 P L, = (4.984 ая) -(1.995) 45.51) 


= р Ші = ULnAii-ib6E -i5.05]-44E 
Та 25.15 | :16:Л69 й. 53 25,15 [466 


+, = 2 ENTE which agrees qup Ел 8.6, The 
ls 55 Ч 114631 x Suwa trice | Components metro 


Te 26.61. [13.112 VS бехе г because it avords the 
Need tO invert а PREETI se 


е 


те 
т, 


hu 
f. 


Hi 


Pas he 
| 
Р 
! 
! 
| 
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@ БА. 


pd 


4» 


THE LINE-Te- GROUND FAULT бы PRASE O of THE АСЫҚ 16 Stews BELOW 


huan WITH THE Co&RES Pow DING SEQUENCE NET WOERKS : 





Fus. SEQ. METWERK 
©. 


5 = 
Z, өл. Noan 
жез. _,_ 


NEG SEQ. METHERK 
UNLEADED GENERATOR 





Я a 
wa THE GASE VOLTAGE T NEUTRAL ‘BB үү 


3 
Хас (суга. Va = хохь hoz.28' fu 





Мата; V BRR. SEQ, NETWORK 


€ оза -Анаагу eu s бөөль ч) аа узо 





i : 
VS. 5 32-38 > 5-5» 
Wm Z pase = ee = 952-012) Жо ET ago: 25; 2,4222, 39-35: 
22 . Авав ; Z a . „з фол РЧ 
Ёоо Š morc. T $ éQ,*9 5 Zan FO" u 


TRE SYMMETRICAL ComMPoNEuTsS ӨБ ME VOLTAGES AT Tug FAULT fure T ARE 


(. ° —94A3 4349 
о oa|| —e.215 49.54 | = 0 GAS 446 | PU 
ох о. 00249 4 46.44 


~0: 800 «Ао 


= Ча (o. AS + À 
Ta s ӨЗ — TEID d dn تج‎ 
Zgo 194 
Y Gs. Baw Nay OD ~ Ce Samed as ео 
2, 30.35 
шоо g " | 
Xaa 2 Бы = _ С 9.5 + 4e? = -А\4%Ъ eu 
Z, 46.35 


4. FAULT CURRENT TO THE боча» Жш ag aS. e Таз = DĪ 


es “AA DRA Pu 
~235- 


A, d 
S Coutb, 
WIT GASE соёё HT 


w bitme O, л 


Ila 


I 


Мо = Va. =Ñ 


e? 9185 + 40۰۹۹ 
Nue = Мы “Ve = ° 
Gaa = Ve = Ña = 


o^ 


Чо 
a Vee 
Y 
Ca, c 
YRETAuLT 


Vart 3.8 Дъё ky 


22 2 

Meo 13.8 {эло kv 

Vea = \%.& 186 ky 
Сонс) 
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20,0600 


Jiu weg o 


4.24 x Bay 


= å vag 


Batak, THE SUBTRAWSIENT CURRENT 


® 540 А 


LAINE 16. Ling VOLTAGES Тарас THE FAULT ARE: (өм ФАЗЕ VeLTAGG те NEUTRAL Y 


vet LITT? eu = 8-06 [ara ky 


сағ (ло! ез , 15 ла [279 ky 


“OAS 440-84: 1.01 ASD. pu х 8.05 lund kv 
PWASOR DIAGRAMS OF Link VOLTAGES BERE AND AFTER THE FAULT ARE 
DSiiown BE LOW + 


b 
Vas 
x We 
Ne о. 


PestEAGLX 


` 


Vas 3 B05 [Dat kv 


Nga 908 (218 kv 


Vea = $05 / 102-2 ky 
CUNBALANCED) 


8.>5 


ZA 
BASE ММА = 


&, X 


ioo 


REACTORS: жұз 0:05x199 «0-26. X 
2 A ^. 


eA x 99 26.25 j бү? Ха олбх 2. OTB; Gi Ха045х 199 
© 


z 6. 
6-04 199 20-25 bu. 7552 
16 
PERW~CUASE REACTANCE DIAGRAM Is Suet N. BELOW: CEXELUDING THE 


{iss vu) 





Source ) 





Q 9 
Е 4025 32.25 


Е 46.25 
ЕЕ A Coss 0.2344) | uum RESPECT TOF 240.246 


4. FAULT WVA 


_ oo. 





= 4oGSMVA a 
0246 + 


1 © 
FAULT CURRENT a 4965 х 10 


= \ЛДВОА 
J? × 5۰2% хо? 
> vaska 4 
3.56 
лме -то - GROUND FAULT: LET Nato 5 Yo: سه 0ے‎ 
Teen Tag 7 ъ Сї. + t. ys y Xa. 
= = x 2= = 
Ta. y Ciarai to X): NX. 
к (= > = = 
Жаа : 5 2,6: X 46i.) h Ta 
ёс THAT 4655 ` A > Іра = 5, X. 5 Va a * Vas А3920 ж-- 
SEQUENCE NETWORK 


INTER CONNECTON ҮЗ SHOWN BELOW: 





сш ы £ 

ЛА” T 5 Zoe LIEN 
Mos МүхМ,з O "n 
X. > Ea 
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8:27 


—— 


СОО Ззейтсласотт BETWEEN teases b nunc: 


Кык Ig хоу Тохо Corenu Line) s V. Ve 
Then aoto 2 Bee (xa Xo Те) = (ә pod) 
| ОО 
a да. E * (o^ at X + له-2 )ي 3ه‎ (ei, 
So MAT Tay а 
FRom Ñ = Na JONE GETS Vao toe Va ta Vas = Vast aV, SOC V. 
Vey = (29 


SEQUENCE NET Wok INTERCONNECTION 1% 


3, 
So THAT 


бномы BELOW; 





(bY "DOUBLE LINE=To= G ROUND FAULT: 


FAULT CONDITIONS ім PHASE DONAIN ARE. REPRE SEMED BY 


ч 


io; Мыз Va =© 


SEQUENCE COMPONENTS z Маз ^ Мал = Naz = Va 


р 


Хоз * Бас мон. 


ой 


SEQUENCE NETWORK 


IMIERCENNECTIAN |4 SuoliM BELOW: 
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fer vart 
pes + 
Ѕафоетсе 


Per vat 
Negatwe 
SCH og av 


5 
Per (мс 
Gero 


бефоеже 


Per сих 
Poste 
Legy елер 


Jer vct 
Negative 
S f U емсе 


X Jôs Pv xi 

м П | Ус 

^ e 
езе 21 

ім. КУЛУУ Txu 
wT =t 
View | Ух. 
Luo 30211. Pu т 
+ 


с=з ° Ке 
Тын Joel. ev Tyi 
— 
+ 
= + 
Vie “Vx: 
G— T 
Хас 4 Dej бо Xx 
o> (n 
+ 4 
Via “ха, 
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Tero Cepvence 


















Positive Segvance Negative Sequence 

‚ В-до = {б„са че ( Абс үх b Эг 

X pv new ( 2 ) ( “ос x= о. 62155 Pera 
` $0,02756 16.0%756 J 0.02785 
| — e ct -3 Lh 
“хо e Жун E "Mite Vaapo 177977 
E 51 AM S р 
erp ә Oc e Positive Seqoecce Neste goete 
P $. 01333 1.44 {ола 


21.0054 


4,1 45g 





fer Unit Zero Ses, o eec Rea teva Diag ree 


Xare 5 (9-»3(3 5. 82) = O. COSY = Хаз-о 
X yg = 6-55) (12) = 2.065555 


Xn, = (oe) (1%) = ©-0486 3X2 0.1458 
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8.42. 
gut. 


Vay? \ | аж 436 23 [38 = 6.2589 449.4685 


is: ‚ 025/256 -50 «325/220 «o A18 Áo S071 
MAT Мах Mss + 606TH 450-R052 z 0808 / 85-2 
Vat 2 о? Vay = 1 [95 ж \ /-45 х conl -4octent 


Ven = © Vaz = 0-25 24d 20.28 [-20 = o-2244-50-0855 
Э 2 Ne a а m zv - Ao 
Vy = Мы Мут 142-01426 = voz. А 


Vea š a Va z1 [vas = — 9.9659 -40-2588 


Vogt ох Vg? 5 (хөв = 0.0434 18-2462. 
Ves Ул * Vez zm OAD -4 9.0126 = (004 1801 


LANE “TO = LINE VOLTAGES ARE GIVEN BY ВЕ Pu эм Liu £-NEUTRAL 
_ Ж VOLTAGE BASE 
Se Rake a 2081413 41.547 
Mag? Мал Ng events 


= 682 | we? Сас NOTE: DWIDE өч JZ 
Vee? Vg -Ve = 1513-4078 (€ THE BASE 18 

= 2 [208° 2- LINED Lise VOLTAGE, 

Ver = Va ~ Va = 41:60766 EEG 


= 52 20.2 
LOAD IMPEDANCE IN BACH PHASE VS. V /Ю PU. 


Л. to, Vay IN PO + 


5 Хоз = Vas. iw Co 
TRUS ТА = Va, iw 90 
Ia ә.Һоз [99:27 bu 
Tg = 2 сал bu a 
L 


с = ооа /186n үе 
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Per Onit Zero Seqvence 
X X, = Xz 2X (0.14 O21 - ол) 
= 0.05 per unit per Unit Positwe Седоёнсе 
( ter part Reser t ie $ eqpace) 








Per vmt Positive Sequence 
(Yer vat Negative Saguence) 


@ 
4 ٥ء‎ 





fer рф Зо Sepvente сууя, | 


ета 1) 
Per Owit Pesce Segu ence 
L fer рит ізедаліме Серое) 
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Per Dart Positive (or negative) Sequence N etur k 


Chose Shirt Not Sheen) 


Р- Primary 
S~ Secondary 
t- tertiary 
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Bas 





2-3 d. с = xç - = еы 5-2 Зь 


- (ago [е°\(\ч.о [53188 \ + (230 | = 35") (1ч.5 l-18) 


+ (260 но? 1( 13.0 [-Se-87° ) 


3920 [53.132 L цаос | S3.432 + 33go / 63. 13° 
11505,/ 53.136 


l 


Em = 6405 +1 4204 


Re = RE = 6903, м 


d Aeliverest to the 
Фзф = ImSra\= 1204. vare келе, 


= 


== 


Жү Za 
3 


Posi т SeBul ce 





Ce ee 
6.3865 [68-20° 


Loe 1.861 |- 8144 А 


- 244, ~ 


8-&Š conp. =, = Бы 


(& 


бн өө) =‏ = .|| ہچ 


mg 





= Ux [45° в 
+, = EON = ioo 107 b 
т aie — == < "Пол / گل‎ A 
| = WE [48° LES 
= cH =, = уе ugh R 
=. = Va us 18 ee 
=. 


We Га = 10.61 1552 А 


Sy* ХЬ®% = 


(е Lec] (1 66v /вг1142) 


16.59 168514 о 
SX m USER = (100 je") (no. 1888) 
<, = ‘om / 4s? 


= 6,8473 aq 


pod 


= Seso + Í Seco 
Vetus (15 lze) o.e |= 158°) 
„= 154. 4Ş2 


NLS dnos 
S, 3 Got S, S.) = à (suq +1519 ) 
= = 15356, + 115,1®4. 

ъф 1 


< з 
Sag = 21-14 X10 [45.067 VA 
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8:47 





* 


> € че = % = к» ГЭ = 
Sas = Nae Ias МА, ta. = Mas Lax 


S$ubStivusiu О VALUES of VOLTAGES Амь CURRENTS FROM THÉ SeLuTON об PROB 


Өз OF (o ags [ 45-65 )(».^ 8&3 Еее)» 6.2246 (250.2 )(2946 [-2504) 
2. 3. 
= (6/3851) 4 (5.2546) 
= “02064 Pu 
(мата THE TREE- PHASE SookvaA BASE, 


Sa, = 2 kw 


Хо сёмроүЕ DIRECTLY: 
THE BQuivatent А-Сомывстер RESISTORS ARE 

Вл = DRY = Bxtoses BIA N 
FRoM me Gwen LiNE- To- Link Vott ced 


2. ^. 2. 
Ба» Мак ма ES 


4. 
^ RA Ra 





Л. 
бало у. блсоу + (25505 
DTA 





u 


= 5V3 гэ, kw 


$45 
хээт TRE COMPLEX PowER DELIVERED то TWE LeAD IN TERMS 6F SYMMETRICAL 


& L* 0 от» - z^ 
СомРоменте ¢ Sag? ac Nao Tact Voila, + Vas m) 
Svesritunacd VALUES Ебем THE Soto mos 09 PR. S20, 


5.4 alan лаза [52 6268 ( лава (18.3360) + молва Looser (5-2354 fet ыл”) 
хо GU 6221 Дар ьа (2.8602 /22-3161") | 
2 964.1015 À 2524.5. VA 
TUE COMPLEX POWER DELIVERED fo THE LAAD GY SUMING UP TRE Фон, іш АСА 
Pussg 4 5.6 = Va TF «УМ. X + Vel х wits VALUES FRon ӨВ. до Затон, 
= 260 [25° (815014 [4124347 + 100 /-155°(S-2292 [8 24807) 
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ety eli ata ||-3.чачт | = o Per х5л7Ч=| © йл 
` е 
жәр отары жет о 


© 


Contributions do fault correct 


ето зе оемее 3 


Generates! бү Ieo 50 






Transformer Ti Depew =. > 30.4817 per uwit 
positive Segveuce s Жү--1. 4877 
qa 
Generator Gl) Ï, = -j.4eyn (— \ 
> 81-1 1% 1 2314. SIG 3.5% Š .ل‎ 2 
= -ionar perut 
Traw Вы T: > 1 2512 --4 
STor—-er mer = c de EY “Тяаж. | ” اھت ل‎ 46 
| Pec uat 
negative Segvencle 5 


Еү--1.4817 
ШЕТІ 
1.45 





= ` „&© 
Geverator el Ж, = "Š rem (= DIA 
-Å 0.3017 per vwt 


-}. 4897) 2576. ) 


Tran Sep pee-tr ЫН men = : 


— j. 1930 ` "576548 


~225- 





9.22. Contribution to fault Frew “ee calor із 





: j -46 
52 ае | “deste 1.43 
си 1 = “44 |89 = =. 
zw BL 1 ata 1|-1ляа | 7 0.29014 [83e S-174 = 14711113 
к! [C4 а Ч лы 0.3.999 /90.6 22111274 
2 A 


Contribution to fault prom traesforemr ТІ; 


4 о 
АІ dtd | jag] | - 3.653 нес ye тти LOL. 
gh | 7|1 ata ||-1.1 |= [0/99 лоч mitad 
zs (аа ііі») [0.2999 |° 12131-87. 
Чар ls 


а .9.5 Areng simqle-lwe~ to -grovel fault at bos |, 
To 











z ээж сш oo `= 
31-3503. зү => = ш = T. ر م2‎ Z. + Xa 
1.0] b^ 
t ЗЕ = d 918 +3 (13s 024 35724 зай) 
aro o 
A= volé Oe E Lolo C 
5 зо068)65.647 
= 0.4834 /- 85.87? ker 
GAC 
- 2 & 3717/2587 
zs 1 | 1||eqg39 ] 85.542 1.450 [85-8 Ре? 
TI = аза .ЧЗУ 185.8? = о Der i ° 
тағы al] uer] 85.577 о © 
=u \ agate 


QA 


-326- 


4.2.2 


Cowtrtibotis«e to Fault corre«U 


Sea pence $ 
=o 


$13 Teo 
= 5.4834 [- 25.8 7^ per bait 
E,=.489y des? 


Ma 
32412, 


Zero 
Geu erator 












Trausforwer TIS Iq, 
Розізіме Sequeuace z 


of Aa 4 
Generator Сі: ЭРЭГ (жн =) 


=O. 2473 [ES 
e576 


“Гранд omer Tis DI. pe 4831 | - 8€. 4? (2 M 
aT. S 





Pe : = 0.18611:35:8Ч? per оч 
eAechve Seqgoesce г. qg3y/- gs? 
ate 
-45 ) “ана 
145 


СА T T LÀ Е — e847? 
Gewerater Ge "831 (=ë: 


= 0.3069 /-85-817 ' 
5" 


Tyr Чем 1-44 тл) 


Түдлефре-ет TI? 
= 0.486 [S4 2 per part 
Contmbrtien ie -favlt фто aenertor GA = 


зелена | 


me 41 
Toia 4 1 1 e . 482.]-ec a ey? 
Egg |= |\ 4а [loans зче| aaa |89 [RET ST ean ES 3 
zi. 1 a*Sbo.soen/- sro | |42301124 BLUE; 
contributión te fault qr» trassformer ТІ 1 
- di xy? e 
ica і p ||. 4839 [95.812 6.352. |- 8S € чан)! 
= 4 = 6 
EM ple |1 Фа || 186 [48-499 |=|oag4 [86 Pee TTL лэл eiat 
=< 1 aql 155 /-2€87^| 10.2991 засал” | mn [8524 
(ж 


- 227. 


3:24 Bolted Line—toline Fault at bbs 2, 
2 =, За 





E 
= = Ув 
17 1,--1,5 = 
Verl blè i 5 1.4 
E e 
1,6] e 
= ——TT.nPY 
4(-35ча 666) 
psp шо-114ОХ per 
- ы built 
E^ ll ito © © 
aA |2| 1 аға | 51.953 | 7| 1.430 go) б x S1 ач өх ги? | А 
zej ШӘ КЕГЕ РЕТТЕ 1-08 /0° 


Contributions +O Faot corrent. 


ero <ефоое се‘ 
Geutrater Gl + Leno =O 





Trausforser C! : Leics” ° 
Positive SseQveuce? 
Generator El š Tam? "iE чо алаға) 
= _- 0.74425% Per ort 
Trans former TI? TS, -ip о ( 2876 ү..л 
тізі L eT G+ a ass 
Negaiwve Seqoence > ЖК " 
| ұз САП tox 


Genera ter E: Tul = ($ ь qoxy—35— re A 


= J O23034 per uwit 





. 572 ^ 
Transporner TI: EC 1-408) Sea) 
= 30.529 per unit 


= 228 - 


4:24. (Cowtribotios to fault +ro— «E«erechor &| | 
CONTD, 


в 


=, 


EN ll d - Зо2ноө — 6.061245" 

a enl] Фа “іле | = аон 179-85 Рег x sme даа ыты 

mh does J. 87134 1.504 |- 0.02 8.663 | ОЛС 
ША 

Cowte bution to pault F~ “реа-қарғе-ее TI ¢ 

A ESTO - [0.0106 NE: 

“ба |! 4 || jones? | ter х sa sag pert 

Ee (а41|1,5іЖ| Lo-qaes дағ 5,344 [6332 
А 


4.25 Ффолей elooble-hše-+t+o-%roosd Fault at bos] . 














т, = — —— 
=, + =, ]/ =o 
ے‎ ___ ісе 
3(.5542.+.5586]| 1.2923) 
= = Yi j- 1 -358Ь 
= =) (= = jise / — °° 22. ° 
Es | (= dic zd = Беле 
= 10.3292 per wart j o.63"S 
= e E = =j per 
ша ды / Ze \- jish С 1.3503. 41.661 PFE 
Тас Tı 523 4 1 1.2501, 2565 burt 
= 31.2394 per oat 
zaj [t t. lose. о о 
mulz x 5 = of РЕГ Ж 5,7114 = e 
Tal |= V 44]|[-7218527| 7|2-4€2]/68.S" | omit 14.33/ 168. 
zx |1 а «piri? Y] (аяз ша? 14.33 1 128^ 
Or 


= ъ24- 





9.2.5 Contributions Хо Fault correat' 


Tero Зефоёлсо H 
Geuerater Gls S ute d 20 
40-5295. per әзіз 


H 


Transformer Tl: Тань 


Posi u E _ белее: 


Generator G1 + ELT псе se) 
- -jo Jb per puit 






Transformer TI! p = А 1.509 (25355) 
= 10.6024 (ёс олт 


WeAatwe sequence : Тал 1.2397 


Tug 
G : Таз= 44229 (== „45 h o 
EwbraYor GU ela Ч (завь 21.76 


= о. per bait 





Tra-stoc—er Tl? I. = 31,1344 = j € 
Ti-a (дэс +4 | 
21 ae 30.468 one 


Cowkribo tios +O Fault From сүвн-салос Gl ? 


Zaal [UA Y| O - 3 ШАЛЫ 
НЫЛ БЕЛЫЕ ЗА Ы лы (17849: 
ы e | o 
= \ ea 34711116, 1.557 ZET %.721 ] 3.67 
QA 
Contribution to fault prow Jpra-sponeeer TI. 
р ц в 7. 
Emel 7| 1 аға ||--30. 4089 = |1. оо 152. op Рет xs mo sen из. 49 
хын залп? е 
ac і а a3 іо. 1678 1.610 5,83] [23-17 
v 


= 520 — 





a (Eg =Z,+E,j=0 Tal = (тои чт) = o 
Alse "Au = Veer zo , or | 

Усы Û 1 № Vals 

ми = х |! a RO |® | vel 

„Мл: 1 ао Su 
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9.24 


рын 


(оу BRA BINGLE Link-te- Соер FAULT, THE SEQUENCE NETWORKS Ёдом 


THE SeLutiou of РЕ. ло AGE та BE CoMNECTED ім S8 RES. 


e.285 ġodda 





1 


4( 9.26 + 0.2085 «ола 


` X, = X, = X, = 





= 065 /-90° eu 


TUE SUOT АНЗ вот FAULT CURREMT IS 


Ia = ЭС 65/29) = даъ (296 ро 
X. > Ee 2S 
THE SEQUENCE VOLTAQES ARE Given BY ES. (A.V) 


Ма 1 /o X. 2,2 A /0° - Ges (290) (2-26 739) = ө.51 Pu 
Ne z —i, Z: — C165 [zae )(e:2e ges Lac?) = =0 DA PU 


Ve = — X, Zo в — Cues Las) Сез (ав! ух = 9:25 PU 


ТАЕ LIME-To-GRouu o C PWASEY VOLTAGES AY THE FAULTED BUS ARE 


олу —0:2. 5 

Ч о-86 \ъ.64" e 
“- ізін ч 
Vea. a o* — 034 o.86 / 6A" 


FoR À Алые тос LINE FAULT THROUGH A FAULT IMPEDANCE Zç 240-05, 


< 


Се? 


TAL SGEGUENCE WETWERK CONNECTION 1S 58080 Бекем; 


-%>2- 


228 og. 


ào26 





X z = X, 2 уйл 





= “аз /-ав Pu 
eres (өө 
X,*6 


TUE PHASE CURRENTS ARE GWEN et 
mas 2 


i 3= ¬ їс = 


= 


(еа. 8.204 8.22 
(o^- осу €, 
{АЕ SEQUENCE VOLTAGES ARE 


\ = Үе — 1,2, 


= 3.34 (23867 Фо 


[е G a (=s) (o 26 (аб) 


= оз u 
Ч = x — (-\. сад?) Co-2088 Lao) 
Ñ. = = X, 2, * — С vaa /-я“УС 
= с: А PU 
Мот — 1.23, = O 
THE ?uASE VOLTAGES ARG THEN Gwen Sy 
Va = N, NS «Ч, = 0.4 Pu 
V = Ou + ayia Ñ. = 046 /- 169. Pu 
Ves 0%, + OU N, = 0:46 Z два. ме fu 
CHECK: N 


No 7 Ме + x, Zg = озул Le 
©) 


FoR A DOUBLE LINE -Тос GROUND FAULT WITH GIVEN CoNDIDORS, тав 
feGQuERCE METWERK CONN ёст м 


18 Showa BELOS 





9.28 


Сом4%, 


TRE REDUCTIONS ARE 


Stews BELOW: 





в ped 


GOES v Lo / вав (ад š 2.2.4 | Ао 





= - өз2 

i. -&( 3 )» – ав [29 
6.24 » 0-2585 

To => = LOG Lao" 


Sag SEQUENCE Va TAGES ARE Given BY 


Vs 1 Ze - 3,2, z. [9°- Саға {-ас y Co a6 £58) = о. 4.2. 


Vu - T, = - C цай (-яс (e 2685 das): 9.2.5 


p 
No so = Жы 2: а - Gree “ӘУ Сола Lae’) = 6.15 
THE PRASE CURRENTS ARE CALCULATED AS 


Зато; Тр: 921, ча 3+ 3 = 3.36 /зв\лл° 
= - 2. = 

Тоз ® 3 +a 3 * 1, = Ъ.ъ6 282%. 
төк MEUTEAL жамал CURRENT 1S Xy+ $6. ъз 2948 1-56 
TUE PURSE VoeLtAGES ARE OBTAINED AS 


3 


2 N 40, +N, = 60.52 


Ou 

V. = ry 0 * . энэ. “ ы 
Чыт олу, х ЭМ, а N = 9:24 144.44 
V. 


` ол, + oV, +V, = 0:24. салы 


34 - 


9.2.4 


inae 


(ОО FoR A SINGLE Lime-Tee GEéUND FAULT AT BUS B тав ім166соммЕс tion 
OV THE SEQUENCE МЕТЫ RKS 


IS Знеын BELOW’ 


SEE Solu Tien of 
PRAN 


Hi 
2 





T= 


~A 8z 
Cenas oN wo ыу 


54 -А\®1. -å 5:26 
£, - 4881. о 
г. о оз PETG- o 


SE. UENCE VoL TAGES ARE Gives BT 
Vet = jonga (7 5 82) = = 0.362 5 S t= 42.115 (yv €>) 
Ч. 20-046-Ү18 (-4 822) = 


PUASE VeurthagS ARG CALCULATED AS 


ЛЕШ 


ا68 = 


= 04249 
TM € 


$222, [ 1222 


FOR А LAng -Tos Linte GAULT AT BUS By TUE SEQUENCE HET WORKS 


Co) 


ARE INTER COMNERTED AS Shawn BELOW 


-225- 


3.29 cout». 





o a4 
a= 
3 Ne + 
E Vo 
1.20 Е 
РА 2 {9° 
X 2 — L, = = - 42.86 





404454 jens 
PHASE CURRENTS ARE THEN 


Ta 
zc -32:&6 - AAS 
z. \ a ot 42.86 À 225 


ТАЕ BEGUEMCE VWOLT&GES ARE 


Ve = 9 5 We Vet T Cous) = 05 


VWASE VOLTAGES ARE CALCUL ATED AS 


ШОУГ 


(су FoR А Фоо LiN&-Te- Сёооно FAULT AT BUS 3, THE SEQu& Ace 


е 
5 


NETWeRK INTERCON E ёлхом 13 Shona BELOW: 
дела F 
қ 3. 





9.24 


Combo, 





ФЕЗОЕНСЕ CURRENTS ARE CALCULATED AS 
{9° 


M ыш ыкы ышы шал 22 
ġens +{3в4л5(4елаа 5 /(4 115 де лач] > 


4373 


= 6.4% 
Хас — Aaas) = уа 
о A18 + 6. AS C 3 


io. леа وزع‎ 5 
6.115 + 6:144 


PLASE CURRELTS ARE Салчев EX 


Avas 
a a اا‎ 5.6 fs. 
Avaa 5.6 (27.9° 


UE WEUTRAL FAULT CURRENT 15 Tye Ee = 2,2 45-25 
SEQUENCE VOLTAGES ARE OBTAINED AS 


Vou V =М, = = CA vas) (№. 149) = 9.548 


QwASG VOLTAGES ARE TEAL 


Vo. Y ` 4 6548 1.04.4. 
чь u о а Ае |= EZ 
24 vo c e248 © 


(0) in өктек qo сено, CURRENTS AND VOLTAGES AT THC TERMINALS of 
GENERATORS Gi Awd G2, WE NEED то RETURN То THe ORIGINAL SEQUENCE 
Qi$cui1S IN Tee Sonumow бр PROB. Akh. 


GENERATOR” GL C BUS А) - 


FoR à SINGLE LINE-Teo. GROUNDS FAULT , ЭЕЗЧЕНСЕ NETWORK INTER Сомоёв roa 


18 Stews BELOW: 


= 337- 


4:23 Cont D 





— 
% i. jo 
`e C) V 


Фо STVE SES UENCE 


Q 
Ae 35.65 


NEGATIVE ФЕВОБЫСЕ 


FROM ME SeLuvew of PRIB. 4.24 ig = -Àv8 
FROM ME CIRCUIT ABOVE ғ, т Es 22 UE 


= — 40.91 
TRAwSESETI EG THe A af (39:85 1м THE 2606. SEQUENCE NETWORKS (NTU Ам 
EQuivALE мт Y ot (je), Amp О нс THE CURRENT DIVIDER 

Sages 


С-АмаУ- 
9:234 OAS 
PHASE CURRENTS ARE MEN 


44:62. 2.4.4, [= 
ЗЕ өз [2° 
та оз еМ 


o.24 (94° 


-48-62 


гн 


d 


DDI- 


9.24 


Coste. 





SÊGuE чек VOLTAGES ARE CALCULATED AS ` 
Ve = = (288.627) Ciena): ~ 0:087, MAE 1-39-(-4460) = 0.818; 


У = = 4 оа (Доку = ола 
PHASE VOLTAGES ARE TREN 


a - 6.68] BAS [cf 
b 6.818 eA 56 [245° 
Ve -6482. e. 56 [u5 


Generator G2 С puss), 


< < 


М) 


FROM төв INTERCONNECTED SEQUENCE NETWORKS AND Solution of TAeG. 7.24, 

Ton ;82ا4‎ Ey. Faz g Tes -joat у 12509 

RECALL TUAT Y. A TRANSFORMER CONNECTIONS PRODUCE BO PASE SHIFTS LA 

SEQUENCE QUANTITIES. THE BV @QUANTTES ARE т BE SUIFTED 50 АМЕЬО 
OF THE Co@RESPomDING LV QUANTITIES FoR Positive S&do& CE P AND VICE VERSA 
FoR Nê GATWE SEQUENCE, ONÈ MAY uowEVER NEGLECT PHASE SHIFTS. 


Since OUS Š 16 WE LY SIDE |, CosSIDERING PHASE Swie18, 
~ $ eo 
-644/-20-зо ze | ر‎ 1,2 644 [=a] BS шо A, les 


PRAsE CUBE EHE ARE THEn GWEN BY 


1-58 rar 
5, IN TAE 1.58 ES 
6:51 ie 


безе Anp NEGATIVE SEQUENCE VOLTAGES ARE THE SAME AS ом THE Gi SIDE, 


V =o. Wim PHASÊ Suet 
E Қз a88 fr Зо" 
Puase NeLTA GES ARE CALCULATED AS Vas 31182 [ ае 


ЁО faxed 8.14.4 [4527 
5: 
T 221.1 
La ot ega / зас iod 4 
veo [aF 


=- Daq- 


Vi ова ¢ V = —-6482 


5 


<i 
ди EI p 


а.б 





REGER To Tuc SoLunoN oF PREG. 9:12. 


(OO, THE NEGATIVE SEQUENCE NETWORK AS THE SAME AS THE 


Posttve SLQUENCE NETWORK WiiTHOUT THE SOURCE, 


$6.22, 
4 


«t 


h 


ThE ZERe-SEGUENCE NETWORK із Suowu BELOW CoNnSIDERMG THE TRAWSFERMER 


Vakata CONNECTIONS ti 







36.56984 
Ка. 83026 


$4 
465 v, 
FoR Тов SINGLE LUNE “ten GRovuD FAULT ЭР 


AT BUS B Төвсосы А FAULI IMPEDANCE Zee dot, 


jods - E NES »- 
Е 1.2 3= 2. = 





4 (вол ® meo) 
= - 4 69114 


FAULT CURRENTS ARE 


US л 
XQ бз \ Яо =4 21 52.5 
io DEM 5, = ° 
f. vo. о lt. 9 


-54A0- 


Зө 


3.30 бөө, 


(b) FoR A Lates BAULT АХ BUS > MEUM A FAULT IMPEDANCE d£ åen, 


+ “485% 





40» 22 ORES ^^) 





самал CURRENTS ARE THER 


Ts 
£ En м4 = 5.2615 
Xe ао Aus 3.265 


<) FOR А DeUGLE LIME-Ti- Свочыр FAULT AT 605 5 THROUGH А Common 


v 


Fauuv IMPEDANCE хе GRAD Ze 494, 


= [е 
X,= حب ب ت س‎ 
Men „ 24922. Cheas + hoe 


9.2.2 294A e 


а س‎ À 2600 





! 


\— Cie C-i 2:6 o1) 
а о 


ал = À \.а4ъ% 
EU 
- a ( Ae ~A 2:68 » 
ie = — Ve aa C4 ғаға 2 522 = 40. 6549 
4095 + Aerob 
PHASE 


ысы ARE THEN 


46.6514 ° 
ы : аз? 
а\ | 2 |= д-о5а [165-93 
364452 д. 058 [rA 


p — - e 
NEAL FAULT CURRENT AY BUS $ = Іра z io хальт. (ad 


22 
P, 


->44- 





NEGATIVE %6Әземсе мехов VS SAME AS ABOVE pastacut ЗочесЕ 3. 


IME 2666 SEQUENCE NEF WERK ав Shawa GE LOW 
| ЕТІСТІ, © deos Фу ang jang © hood. 





Aone (= 440 A 


USING ANY one OF o memens JALasairnns , SEQUENCE Z aus CAN BE OBTAINED, 


‚© | 
бу\ Ас UM 46.124 фетва до 8567, š 
= а ® HURTS Хвлаас дә Мед дел а 
аы, за & -— joo 36М946 Jett 
® y wk joe делом detest 
© 
© Ко. \6 © © © 
- ©) ó 49-02 40.0% o 
Aus š . ` 
@ a Jerod 49:58 © 
(i o o о 4 one 


Cheosina TAR VOLTAGE AT BUSH AS | le", 


Link ©- ® 


THE PREF AULT CURRENT |ы 


_ -568 oS (0-8 < 40.6) 
= — QUT VS tee 
Va” iLe 


Lime 69-6) uss PARAMETERS Given BY 





= 954-4653 еи 


Е = 2. = Fars * Z, = 


2 


-- 
v 


- >42.- 


9.24 





бөм. 


DENOTING THE OPen- geut Winte of ME Line АЗ p Aus D то Simulate 


: 
ОРЕ выс, WE NEED № DEVELOP THEVE tina EGu vv ALS мых SE Go£NuCE MET WoRRS 


t 
Lookin û waqa THE SYSTEM BETWEEN Posts Р aan b : 





Заа тыз ç 
А 7 4 
Swe < Awe c 
Мал. Nas 
i s ' 
p Y Y 
Ros. зва, Nea. Sea. геле зев. 


BEFORE Амч CoMDuCTtoR OPENS, THE CURRENT Алас ім PRASE Q of THE 


Lin E Єў СУ 1S @osvçvv€ SEGoEN CE, Givew BY 














ы 5 Ve = Va 
z => 252 „а zt 
Wi = ' 32 cg, 2 
2 z ^ М g — Z, ro 4 
малын 5 Sy mene 2 Th, my 6 Zo 


Ye SlmuLaTE OPENA PHASE O. BETWEEN Раыте b anp р", THE Sequence 


МЕЛ мойы сөмлместісі LS Showa BELOW: 





Ха SIMULATE OPENING Pwases b ane С. Фетысен Points Башар e, THE 


SEQUENCE MET WOR CONNECTION 15 Stcws BELOW! 
Tar 





Xa? За iao 


ім THIS PReGLEm 


AT cu DE 
“2.2 - 2 : > 
Rd oes ak 5 
Ж > 72 fad = ` n ? 
2.2 1% Zany -32 Zaa &7 Е, ђе 1696 44 64696 m2 (вед) jens 
= 4 6-126 
вә Ф, 
Ра - Z, 


es 


Zoo 2 ди. А 2 
j.08 444.88 -2(3908) - До. 


BÉ. Žie "2 224073, 


= oð 


NOTE TWAT AN амт IMPEDANCE (s SEEN LooKING INTO THE ZERO SEQUENCE. 
N&TwoRW BETWEEN Ponts PAD р оғ THE OPENING , VF ME LINE From Bus (2) 
To Физ (Ë) is ctenen, ALso Bus @) weord BE ISOLATED FREM THE REFERENCE 


Өң оФаһшыс ME сомчветом BETWEEN Bus Æ ләр Bus №. 


СО) ONE OPEN CONDUCTOR: 


- Zw, Zw 5 e. To 
Vas i Мела М, © 1.2 Үүл Үү 2, 2 aat та>) Cas пу 

а, t پام‎ 2 Û Gia e озчу 
= о. \о68 + Д «алдаа, 








& š Z... - Ë ; А 
AN P 5 $2. 4. ъъ 3 - onea - 401646 : 
34 3 А\ь = a Va = : (o 1063 +4олазду 
=, 404% 
- Е z — 6.6422. — 40.0562 
АЧ 2 2326 -Zao 5 40-08 = 40.58 : 
ъа = Noo = : — (9.1968 + do-ta 2 4^) 
Es 49:5 


= = 644068 — 4 ona za 


Ам, АЎ о + AN. x * AV, з = 8.1068 - делата — 2, Cesarz 5.0562.) 


= 64812 - 462549 
Since THE CREFAULT VOLTAGE AT Bus(Z) is 4 [o » TENEY VOLTAGE 
т Bus Т V А 4 
Ат eus (2) is Ns ANS = Oto) С- ола. 40.2548) 


»0.оё8-4-2848 = 0.848 /- 35 pu 


->44- 


9.24 Семїтъ . 


(b2 Two OPEN ConbuctoRS. 


INSERTING AN INFIMITE IMPEDANCE оғ THE 2680 SEQUENCE 


NETWORK ұм SERIES BETWEEN Points © Амр Р ef THE 


Positive- SEQUENCE ёза Twog & CAUSES Ам OPEN CIRCUIT ta 


TUE LATTER, Né PewER TRANSFER САМ OCCUR IM THE SYSTEM, 


OGViouSLX, Powe Cay ыст GE TRANS FERRED OY амач JNE 


PHASE Семрчетъё@ OF ME TRANSMISSion LINE, SINCE THE 


Еко SEQ UENCE WerweRK OFFERS Ne RETURN PATH FoR CURRENT, 


-545- 








FAULT Сомтатона 


Vero; Ҹәза у Е, «Като 
SEQUENCE CURRENTS ARE Given BY 
X. x [< (a-az*) x, › E i [s= (e өзі 3 
I; PEU 2. Ta 


Х, = > to. 5 
ONE CAN CONCLUDE. THAT 


SEQUENCE NETWORK СомМЕСстом 70 SATISFY THE ABovE: 


X ї, 
E. f, 
SEQUENCE VOLTAGES ARE OBTAINED BELOW: 
-_ " _ = 
Viz 4] GS АТ! = -\ V, 
V À 250 3 g 
N, = 5 [ara 2%] SAS V, 
=. M аа 
Vo > $ Cw) dic s 
Tuus Vy, AND Vi x V, NS LO 
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(ы 


а. 


боз 








FOLLOWING Ёл... OF THE TEXT? 





V Zo” š = 
um 2-46-61, 5,50 
46.5 


5 5+9 


„= М = то 


f= 6.638 -— 


otto G. €x.SX.> GF DAE TEXT 
ت‎ Zo? 
=+, -12- 


ACO 154045 40-25 
= -j 2 


= 3 (-1-у > ~6 Бү > 4— 


` O 
Sez о š 24 

" о jours o ўа 

al o jos 243. 

vs fg 

trudas? 


-24A1- 





" 


O33 сон», 


(e 


Fottouise Ёх.9-4 of HE TERT? 


өл - o^ 
ey ШЕ 


A Co. t5 eons) 7 





z -5 5.552 
RT 
u Cà ЕЭ, (-4 2.5335 = — 5.47 
= = t 
Ie ъ 5.113 ва ЕО 
ҮЭ үн т; (40-5) = oS, У =0 
МА 
v, 
21 \ а а 
do Fottowin 4 Ex. A.5 of THE TEXT: 
T = 1/0 
€ ب‎ 2 15 xo.2. 
xo. 
- "кез се ONS 40-2. 
Ve Мо 


= -44.242 


E x, (34 )ده‎ 2+0. =) 


= 3 LALA 





7. зэ) ЕТЕНЕ 


Та ANB ° 
RON \а -14- Заз \ | 5/W82" —— 
Ёс ам || 42424 5.5 Lera’ 
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а.%> ents. 
hodie 


Ve «Ч, EX. = -4 АЯ Chery = 0.564. 


Ча 1 304 6.564. 1:022. 

E x 

715 V 0 о o, 264, |= © A 
Ve ка oc ое о 


WORST FAULT: 3-PRASE FAULT WITH А FAULT Совб вх oF 6.67 PU a 


9.24. 


TRE POSITIVE - SEQUENCE  PER-Pu^se CIRCUIT 1$ SelM BELOW: 


Зои don до, | 





= ss = 
Ny tae A s Emio “о2/-” Рав To ME. FAULT 


Es Vox JON (чо [718 ) х хор, (5:64 
Vite А SwoRT Ббер Bus 2 то GROUND, Cre. Wits 


Switew CtoSEP | 


pa 1.023 (5-642 RA ae? 
ia ——ss [ABe a 
Ao 


-349 - 


9:58 


{a> Е, = Vote (49) (дол = Ve де. 


Е, > \ Cue (4015) 21-3048 


Vas Sii CLOS ED, 








LT тэл 5 


v — io 
= Don Aout 3 
I+ عگ‎ 20323845 а-А-4 6-01 
3945 До А5 


OR Ros n ia. еа 


MÀ 
(о) SUPLE aSo, 


\GNURIMG PREFALLT CURRENTS 


Е, = ÉE, + vic 





нэ \ i т а 5 
Х| 2 = -4\0 ; Tas eg = 56.61 
Эви _ ^ o 3045 
Y = Ах, + -4 16.67 


Not LoAD CURRENTS ARE Sufce ImPeSED: 


1,» T, Аит + 1 وھا‎ = —4to+t = Х-Аю 
X. + و‎ faut 77 Т, дь p -46414 CoD = -1-46ө 
i - 


> Y tanus > Iis > — A 16.67 aa 


SANE AS IN PART CAD a. 


-2,50- 








i Ve 1.0/0° 3 Š 
9.56 SEA Y. = 1252 —48.313 per vnit 
: 49.12 
20 q. 3111700" 
кр» көзге = %ла%/ 1509 fer ока 
зас e 
= фа а“ 8.333 LBRO 
Using E Ge 5. 3 Eom E 2 ама үс 1 2 
m © 
"ien 9 e 2 
әз ue aor о [he ылау gen 
эь П © ° 
TAS © 40.08 
ф- о 
View bu о 0.3323 [© s 
== - 2. = . 2 
А зай: © 5535 [эло° ос 
ә Laai o 0,3358 /126 
2. 
| Е ЭР Е 5 1.6 [62 
9.272 Тыт TQ 7 Зря = Бе = 5-4 
TTA б ео а tu J (010% ола оз) 
= -13344| per өзіс 
ї aN 1 
+ va l| туа! -J 8.924 
=, Zj аа || 73241 | 5 о t 
i O^ 
RIA ta 44 | -1-31| о 
sing Ee, lasa) with боа and n=l! 
= о 2323.8 ° 
V-o 5 һы б Үт 4l ep 
s | [Че 7| О іо o ||-129 | = елт [om 
Fa ° о oO ї.4|| 742411! — 0.2353 
س ل سه‎ 
к г © 
Vias ! t ° 0.5294 / о : 
ал” 2| тата | .76ч7 | = | 6.105 6/2520 Per owt 
= 1 a «| | -2353 
acg 


о.4о56/107,.07 
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= a Ve 1. 6] ©” 
ы эх ДЫШ emo = wa 
Au Eu 4 (2124.12) 
aes = Eh 167 per unit 
ты Fd ° 
и |= |1 Le -14447| = [munge] ter vnit 
ү, ta а | +i 9.167] 71.217 Ја? 
Usg Ud “Se Uo tts e > and wel 5 
dE O: о 2 о о 
27 - 34.167 | 7|o.666n| Per 
“Уус ын 2. Ө 7 5 wait 
Mi " | 
ae o јо.о8|| 3 4.157] 0.3333 
Уаз | _ 1.0 
RS 22 = |oe,snnw зас? per vomit 
шоо та &|. 3333 o. S174 |155? 
2.4 
9.54 =. = — Ve z 1-6 10° 
Жүрж Zua][Za-o 4 (ола On. өле) 
= -}5 „24 тег uwit 
ы = (+35. 124) (2 ed = 15.654 fer unit 
күт (sis. mas) (218 | = 43425 pee ouit 
Zial |1 de 1 | izis ° 
mu 7|! 4* а||-315.729| 7 | 8.605/14720° iie uoi 
Те ра ач |+ 6۵1د‎ 8.605/33.0^ 
о ла Ea 0-59) wrth n a ara nel g 
Fa eee = 23448 alana = Гані | bots 
YA: o © D j. Dg 42. 604 0,2085 
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tilo 07S0 


аза [Vaal |! 
Conty, Fite =| \ aa SHIT | = [0.47134 jai "2 Pec 
"VA е4 | а atl.2o083 o.33 Jita] З“ 





9. an Zero Seguen bus impedance matrix 2 


Ster(i) Adel ЕТЕ lolo fros tre reference to bus (ум) 
i Zius-o = J одо рес unit 


Step (33 Add 2, j 6.2563 GESTAM | bus | to bosa & yee 2) 


Old : 
Per uwit 
[es TERN бле 1 


Step (3) ААД TE, = SOND prom tre reqerence t bos w (typed) 


Los 


E іы<-о g 


— 77 


= _ 21 O>| 1 [ew [ло 3563] «07308 Oa 
Zevs-o~ 1 es : 
Oel »Ч5631.3543, = 31.02.19. |08 


stepG) Add іт j OAA from bbs 2 +o bos 3 лек) 


9.0100% /0.024147; 6.02142. 
Жух-о = 1| 0.0212 \0.0780% OO? FOR рег uwit 
о. OLIAL 6.01808 0.21.99 8 


Siep[s) ААА Z. =40-0709 prow bos | to bus (те y) 
e 


„05616 |] 054614 -.0S616 
зол, ~+ nanet] 






о.ОЧ11Ч 0.02234 7] 6.05 
yos-o * J 0.028877 о.01114 5.05 per virt 
6-605 e 20S OV $545 


5523. 


Q.A.0 Positive Seavuence bus трех ди Maa EFU XO 
CONTD, 


stept) Ada үс 16-73 from the vefereye to bos 1 jeg) 
2 bus ~1 = 4 Lore] Per osit 
Step(2) ААА F =i 0.68544 from bus | do bos a (44 pe 2) 


ES +28 : 
= . Per umut 
Zeus- 7 d Er) 2, 


" Step G) Acl =, = d 6.3 fron the re ference to bus Z (ue) 


MP a aen] «15218 |, 12023 
-4-- = J VONT 
230641 42:623] 214475 
step (ч) Adal Z = 1.06935 from bus 2 te bes 3 (type 2) 
0.10218 b 2.623 0.12623 f 
Жых-- 3| 0.1323 \046475/ ©и647$| Рег owt 
0.17423 046115 5.353] 


Steps) Aaa Z = 4.06535 Fron bos | To bbS3 (tye Ч) 


5 103575 03519 -, 08852-10487] 
uu = 03852. 

PERI 

МИЧ | овет 









„15606 15274  «.1ЧЧЧ 
Зал = | * 13277 „15172. .:4526| рег vnit 
144422 «HS . 17301 
stepe) Add Z, aSeyess//.4739 slo. элче prow. the reFeresao 
+e bes 3 (чрез) 
“15606 213277 
41513274 „15912 
«EL QUSE 
6.10698 0.08329 0.0832. 


Sae. = J| 0.08329 0.1074 o.og:30| Per o 
i ©. 08312 о. OFFIO 0.10340 





Жышз-\ с 
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4.40 Negative Seguente bus impedance зм} ж, 2 
Sos rp, 


Swis()-(S) are tee same as for Zuus-i . 

лер) Add 2= 3s [] 4434) = 30.2705 

Tree cree refersuco bus te bus au z) 
s1S&OG .(3319 Ї ol HY YR иччү», 146 47901 

® 132179 ISL 

ott442 21535 





п 
[am 


Zbos-a 


0.1047  o.o86|i 09.0864 | 
5-1 | 0.08610. 0.11078 — 6.08'14| pane 
5.0961] б.о" O, 10". 


п 


Bat Fron te results от problem 4.324, 
Zug = 46.0704, Zaa ed oe OGS) 
ane Зүс 0.107 per unit are | 
the Sare as cte Tkeveas оза (оС 
Seg vente Yeqeodaw-ees at bos را‎ ас 
calevlateA in — Prollee 9.2. “heregore, 
tee peult corrects calovlated -prb— 


te зефоечсе inpecdance rratridac 
will be be same of nose 
садсо1а tent \м Р го Ы ews a. anol 
4.10 7 94.13, 
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9-42 Zero Seqpence bos ie pedance matrix £ 

Sep бу Add ZEA ON grow € réperaue do but | (ет) 
Zuvs-o = 3 [б.ч] ес umg 

Step ay Add Xj i ob grow bur! to bot à без) 


s 55, 3 Gay ou. 3 T 
ubos O roosi 
Ort 6.34 

Step) Add €. Sd € row Lus 2. to bos < Cere а) 

„| 94 Dy 

Races 3 Oey 6.84 per. unit 
0.24 б» 8Ч 1.44 

Step Û) қада Ж,- 1040 From de rece vete +o 


bos 3 (ve 5) 


ром 22M . -24 Е e 84 Ей 
ме РІ % x 1 d 
Broo Ye ‘8 "T LEN 84 
ay 81 Qu 1.44 
= 0.2026 6-107] 0.51558 
È bus =u > 3. 5.109 | 


6.5818 0.55455 


per Unit 
6.0155“ р, 05455 Б, 0955] 


Str Add Зүс 1026 from bosa to hus береш) 


о. 1026 
СР 
6. 61558 


ODISSE 6. 104] 


0.65155 оле | ber 


vnt 
0,0425| 6.0545 
6.25455 0.9816 





0-169 | 6.3818 
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4-4.2. step (4) Add = 10.1355 fron Чче тере rence but 





CNTD. to bos Y (taupe z) Й > 
/ ‘203 5.109] ,01556% „ioff «10 ші 3618 5 
| ; : . 981 
Зүс dpe LOT! a 3818 .05155 .5818 | 3 | 2818 i Л 
КАЛЫ» 141151 
.0155% „2545$ ,0426) .05п5 Ч „ОЗИ 
41041 ‚3818 20559756 .4818 «2818 


9444 OOS 6.01024 6.0130! 
6.6""5 6.251] 0.0357 ©. o4S64 per 
D.0101N 0.05587 (0.04044 6.20653 var 
6.01301] 6.04S6Y 0.0065.) 6. 


= = 9 
Жым-о 2" 


ЦЭРЭГТ” Sequence Lus eg eda «ao matrix : 
C бее Prote 8.18) 


6.269] 2.1526 0.0865 6.0985 
‚ | 0.1505 ©» 1115 0.1135 О.13.84, рег 
Льо5-1 =I |0.0865 04115 40-158] б, 039 bart 


0.0440 0.1286 0.0744 Oe tD 


Negatwe Se@vence Los ipadango үзах tram’ 
steps) -(4) are the save аз тог 
"Esos -1 (Bee Prokles 8.18). 
Stiep(8) Add Ё,- JOS fron the perene 
bus te boc 3 (type x) 


“GY еҷ 264 . 61 ЖАН let .84 LOY ex] 
41+ 64 284 „ү „тч -3 "eq 

.64 481 1.54 34 H3] | Loy 

“GY wq „ү leot L: 81 


bus 3 


a 357- 


“ЕУ 118% 4413 „2158 
ep 223,88 o 19810-52 

um _ r s = ИЕ 
Zoa tid | el Sl 2323 „1681 
1245 43124 .188] 5119 


step 6) Add З= 46.2733 


ees o (нез) 


2303 23368 21542 . 2388 -238% | эв „из лы sux] 
22298 22134 198] ozzy] Š 


23 ky 
їчї] «188l 22:312 age | “88811442 
1288 2184 401 „слу «5121 


Srow “re teferente to 













5.2700 олар 0,0956] 0.1005 
Sube 310-1544 o.2026 бозды O31 
6.04154 O.1216 0,1429 0.07919 
©.1255 0.1311 0.07919 o.11&l 


pec 
un rt 


9.4.2, 





From “me resolts ор то ble~ 9.31, 
Zuo =3 6.1919, Zu- =3 0.167] | 24 
X) 0.2752 per uwt are e 
0-5 Ke Thevesiy ео iva leal 
Ug ela ntes at bus | 


Sawe 
Segog-qe 
‚ 4s Calculates 
Theregorr, “tre 
Saolt  Corre«ts calcolatef from tre 
Se ugate VweQedarmce matrices are tye 
Sane as those calevlates in 
froblas 4.6, 440-448. 


ұма Probles 4.35, 


-358- 


AA Zero seques ее bos пп peola^ce matrix 5 
Working backwards from bos Ч: 
Step n) ААД +L = 30.1 from te Te ference 
bus +e bus 4 (жүре 3 


4 
Zoso” Ё ТҮ 4 fer unite 


Ster) Ado Зь= jo. 52.5| Gren bos Ч to bus 3 (рез) 
3 4 


„| 9-62-61 = 3 


Zevs-o = d 
aes sr Я 


Stee(3 кад =, = 105351 то bus T to bug 2 (type 2) 
x i 
MISOL 0.6251 Ol | > 


о-о = J| 6.625) OJ | 3 per uwit 
O°. 6414 


Steph) Add X = doa. From bus = to a \ боле 2) 


per unit 







1235623, 1.1502 о. GS] ©. |! 

3 20 1.1502. 0-625] 5.1 ^ pes 

= BLS ~ о 6.625) 5.6251 Oa) * wait 
e.) 6.1 2.1 | Ч 


steps] Add S. = Зол grown the reference to bus s бере!) 


1.3502 1.1 SOL 0.6151] -0-| о 
1. 1562. 1.1502. 0.625] о] © 
32 Der ? I 5, ег 
Zovus-o = | ©: 6251 6.625} 0.6251 го цог 
6.1 о. | о. | 21 © 
© © © О ол 


.>%94- 


5.44. Positive Segvence hus реба ее 
сомтв. 


а ха 
See  Prob&blee 8.14 


O.3543 943713, 5.1744 
6.243 0.3935 0.1.96 

Зүүд Е 1964 6.26145 5.334 
0.1155 6.1554 5.1477 
6.0770 2.103177 O-1318 


©. 155 6, 2790 
6.1556 6.15817 
0,1779 6.1218 
0.2178 6.1579 
0.1849 0.1922 


per uwit 


Negative seqvence bos ре алсо “atrix + 
Steps (01-05 are the saue as жоғ 
Thus] ( See Problew %.14) 


sp ada Bion? fron te 


referto 
kos to bus 5 (Чре z) 





2870 2574 2674 296 2570 [5% 41170 .98 (474 iac] 
“TG ГИ TTE yu o feng 
J =. 4 
За? “TIL “tb Яш HL |= cL 
SQL -IL 1.19 1444 148 
4772 4% 15192 1,196 1241 


6,3596 бая 6.203% 0.12.46 0,08 682 
0,283) 


N 0.384 0.1746 0.1678 0.1170 


Zyus-2 = Ч| ослом 0240 0.3489 0-232 о.1чЕЬ 


оза 0,168 6,2132. 0.2586 6.15% 
6.08682 6.170 6,14% 60418090 0.1953 


Рет ши 


=%60- 


9:45 Erow mE results ox Peoble~ A33, 
2,225 41.3503, = 160.15Ч1, ana 
ЕТЕ 12. per owt are the Saee ас 
te Thevenin equivalent segvene реек toc 
at bos 1, ақ Calculated iu -ЁгоЫ 9.8. 
‘Therefore, the Fault curreutS calevlatey 
fros ce —SEqgueate ispeclence matrices 
аге te sawe as hose Calevlated | 
Prob las 4.4, 4.19 —4.23. 
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4.46 


C63 & (5) ENBER EN INVERTING Xa се BY THE BVUDING Ассоль 


Zeus CAN BE CSTAWED AS 


Ф 


‚ © ® 
@ À s.6143 40-6856 40.0282 40.954 4e.ocen 


бу | 36-9558 jo l339 40.0664  3e.650 jegos 


а @ | josse | 40.0664 боввль Ao. Да: обо 
z 


# 


dd @ TILES j.626 je-o7120 feda 40-1002 


@ | 5.0609 | 46685 3$еобе® jens је. 130i 
(с) 


Таун EauvALENT CIRCUITS To CALCULATE VoLTAGES AT Gus) 


Aup Bus (б) Due бэ врал AY Bus @ у ARE зысын BELOW: 
[IEEE © 


2аь- аза 







gorse 













u + Алл- аль (№ 5 u 
Ves zo - Чем? 

2 доза 2 Ps 
Esas Bas ° Zas i 
=46 "026 x eo) 4e & zj3eseez. 


Dpt BY Сло ма © ? THE SuBr&AHMNSLENT CURRENT ім THE 235-0856 FAULT 
>. t A0 
AT Usê) 1S Gives (Y ig = 
Ae 2524 
THE VeLTAcE AT Bus O) рифа THE FAULT 15 





= — A50 


Мыз Ng = 1, Zaa = \= (-9 4-308) (0.0128) ao. 6848 
Tue уиллсе ат Gus (S) Puñiwa ME FAULT 33 


Vs А Ve- E Zu. 2 A= Ce ass 85Cj3esasoz ys 6.5689, 


CURRENTS INTO THE fauni At Bus @) even THE LINE IMPEDANCES ARE 


«>62- 


4.46 cento, 


Fen Gus (5) : p > -42.65% 
49.%%6 

Feon өсе E): 0.5683 = =Á 2.255 
je ‘252 


MENCE, totau FAULT CURRENT AT Bus @) = ~J 4.308 fu 


9-47 
THE Imeenawce of ын (9-6) 1S Zu: 49-168 , 
Zeus 15 GIVEN зы me бошотом oF PREG. I-AR, 


"tue TwÉvyg мы EQUIVALENT CIRCUIT Lookin INTO THE SYSTEM Berweew Buses 


бу кез (бу is shows жасы: 
Zua re 


30.258 
Line 63-6) оғғы BEFORE FAULT 


Әу 2 59,2558 





a 40.0658 240.2556 
4 (0.0235 28-04) 


Жүн 4 164168 + 


2. SUOTRANSIENT CURRENT lots Ling-EaD FRONT Үр = \ / de 2556 = = 3 2:212 90 


-20>- 

















40.4.6 46,64. до-04. Залаа mos 


SosStttv£-S€QoERCE NETWORK 
Get. 









40.04. 


Bx je 05 
U aos FEto SEd., Network 2x Ã0. 05 
= Дө AS 
REF. 
Ф хос jou jma 30:0565 
бу | легал Де LAG As ‘Moa Ae.oi$4 + 
Sousa = s до. ства jo Mod 4.1646 a 2A1 
40.0563 401846 Дал До aan 
@ G) 
б) 5 2: Ф © ° 
@) ° Àe-08 де z © 
z FE 
Pos > А . 
P ® ° 42:08 49.58 o 
@ ° ° o дола 


b Er H 
C 2 oR THE Liw&-xo- Lins € faucet, ТАЕУЕЬНа EGUWALENT CIRCUIT ¢ 


40.1646 Бұқа © Фу ras 4влгас 


4 Q 










UPPER case A \$ USER BECAUSE FAUTIS \ы Tad WV LTR Амазон Ling CIRCUIT 
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Cents, 
“< pet \ Да 
X = — L = = —А2.@45%\ 
(883 SAZ 716465465046 3 
Ica 3 ду + ig. © 
їс 2 aê ES a Ione -S,teciejo = 955 ЛА 
Зул z = Ёсь = 5000480 < 855 Lo A 


‘ae 100,900 
» BASE CURRENT іы WV ХААВ MISSION LING 16 ----- 

JS х $45 
SYMMETRICAL GomponeuTs об Üuast- À уешгаай To GRouup AT BUS (S) ARE 


= 167.35 А 


- 


Vaan gt? ; Vana. = Мад 2Z Geo: teac) (-42:a481) =e s +40 


Lim E-tto- GRIND VOLTAGES AT FAULT Bua @) ARE 


Vaa = Nza “Мал. АА» в 6 osa 08 = \ Zo” 


x - 20 wi = e 
Vas = Vago + ОЎ Nasi ta Vane е-е (увс 


Vac 3 Vag 3 65 Ла 
IME Toslink VOLTAGES Ат FAULT Gus G) ARE 


5 v Муж Nias ds * 2 > 
Va aw Мад Vas = 15 LO s vx = х 244 fot ky 
= D 


Va, ве = Vaga Vae z © 


Vies = ae -Van = v5 Даб = 244 ТАС kv 


AVOIDING > FOR THE Moment, PRASE SHIFTS pu&£ То Д-\ Твамбобёные CONNECTED 


<} 


To Macume 2, SEQUENCE VOLTAGES of Puase А AY Bus @у usma me Bus- 


IMPEDANCE MATES ARE CALCULATED AS 


<! 


ano 7 7" Faso Isao 59 
NAA 4 = Му- Зава Xe. = \- (4:42) (742.4480) a в. бал, 
Naar 3 — Fase irai 7 = (авам Суб: 224484) = 0,557 
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2.48 бом», 


"Ассооылаыб бов PHASE Suits 


доа = Мақа Loa + өл [ade = e 5564-4: 9215 


Vaaa 5 Vaan L39 = 0.367 [3d 2 0.302 sjon 5 


Vaa = Vaao ^ MAX + Vasa = о 8661 - Ae As z 0.8178 (۹.4 
PUASE — b медове AT TERMINALS OF MACHINE 2. ARE 

Vabo = Мао 29 
Van, 5 0 Vana > 9:64 [244-36 a 0.5569 - 49.5245 


V. Y 5 : s * + шөгЗөӨ2-ыд0.ҮХ65 
Naba: © Vane = o-351 [127+ ad e: 56 3 | 


ave өө <= -- . ° 
Мал = May о Vato \ * NAb 2 26. BEG До. IAB sO BTU [596 
FoR PUASE & өс MACHINE 2, 

Nae o = Mano =O 


== — ОР a _ ay Р . 2 “ 
Vaci 3 а Маал = 43LI j Nica? Мад ъ = өгвөл Дсав 


Nac = Veco + Vaci + Vaca = 40-286 


3 


Lie E. Xo. аны VOLTAGES AT TERMINALS OF MACUINES ARE Сувы BY 


- 


- Vv RNE À = A. — ° - 
Va oe = Маат Vay 3 \МЛ®Ъ®® tdo = тъга н ES зо /6° ky 


у. - V V = чо. je. | —1®ъ. 68° 1.2 fo Ч 
Va, be = Vab- Vac ? 707 866\ -4° 429 a 09665 /-ізь bia e 155.65 


— = 4 e 
Va, са 3 Vga = Мда = ~4866) +40424 z 0.9665 (18-68% 12 155.05" 
м 


د 


oR a TO " 
Я THE Doute LAINE“ толыа FAULT, соммЕстом of MEVEN EE VALET S 


Of SCALENE maxrweRkS 15 Shown @ Lus. 







+ L : 
e Ce) де 4457 
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9.48 Coss, 





: T 
Sea = р : 
- Хөл алы 3. fenas C де AA) 
А(өзаза +e ласу 


- 3 A ABAD 


- 


SEQUENCE чотко вз AT THE FAULT ARE 
Мдаа * Мааа = ia ez (CÎ 4.6242 (3 ed At) 26-3628 








г Хх Авила š 
аа 5 A А.4%62. А = 4 2.52.47 
А (елдъл xe лау 
Tag 2 АА. ADAR 35: 69) = À A5 
1 баалл 64%) 


D 


CURRENIS OUT OF THE SYSTEM AT THE FAULT Роот ARE 


Ita. Е Trao + Tyga, - Lia. o 
Spy, = ds + Іі. +a Kya a = -бөзес + 2.8642: ЖАРТАСТА 


к 5 зас +o Eg, чата, = С.о266 +Û 2 642. 6 ©7126 [25.47 
CURRENT ts tuta Tut Geouwp S 

Іс: Tot Хе 2 d Isao z À 57285 
€.-l- c VeLTAGES AT ТАВ FAULT BUS ARE 


Naa = Nas o Maa x + Vae. 2, z эЧ = 2 (e28) z 10884 


Маъ = Vac =© 
цаад, М, be Naw Van? 9 j 


Na seb 5 Naam Vab = 
Na ca = Vae -Vasa ЕТ \-o884 
* 
кайаш = 2831A 


DASE CURRENT = 
{з w зо < ә 
EC Жы а 262 oat МА у сл ла, 262 [25:4 КА 


ES 16.5338 /аёКА 
BASE Ling T0 - NEUTRAL VOLTAGE je MACumE 2. VS 20/8 kv 
= 5 = i; 2 
дуоъ © 8 Le kv 1 Va, e? о p Ма са = 122568 (хө kv 


es V 
->07- 


9.44 


p— 


(62 Zeus 4 Амо Zw, АВЕ SAME AS ie THE Solution: ef PROB, A AA, 
HOWEVER, GECAUSE THE TEAS FORMERS ARE SoLIDLI GReouDED SM oT SIDES, 


TUE Zao. SEQueucEe НЕТЫСЬК 12 CHANGED AS 5номн BE Low, 


2 © 405 CG) doos © fora 
S ы Ü 


Зе. д. б) Sere 
0 61. 












ZERI- SEG. NETWORK c Aes 
REE, 





FoR THE SMALE ЫЬЕ- To- GRoGuD FAULT, SERIES @NNECNon of THE THEV Bum 


BQUWALESTS OF THE SEQUENCE NETWORKS 15 Susuas BELEN: 


@ 


Q | 16-55% j 6.1467 400493 ġo osan 
= 46.1407 халлаа Aeon e À өөлөх 
Zeus в = @ 3 
| @ | 320493 jonot д. Aaa 49.1467 

@ joebar 36:6 448 Ao.t4o7 $e. 553 


Isao ` qay Sean 


1 Ке" 


А (61656 04656 + ө AAD 





zo-ÀVv85A95 
Еа Diino? -4 5.6648 = 3B [276 А 


5: BASE CURREAN ro МУ TRANS Ling 15 
Vvoo,eeo 


ЛА «за 





= 1671. 25 À 





СиһэЕ-О SEAVENCE VoLTAGES AT BUS (Æ) , TERMINALS OF MACHME 2 ARE 
Й 

Vane 7 Gane У бло = -С\еллеч > (-4\. $563 = =0 °26 

Vana = A= Gory Cá San) s 1154 (Ls Vy- Aas Хал \ 


Удаз = = (делам > (~8503 -orat [s —2452 Tae 1 
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AAA conto, 


Note: SUBSCRIPTS A awe O. Denote ЯУ AnD LV Слет, Re SfECTIVELT, 


бе THE Y-Y Com cTED TRANSFORMER. но CHASE SuitY 16 INVOLVED, 


Чао ` 1 i 46.2610 6.2548 45а aas ¿e 

" . M | 

Мал |= лада xe 115A | <| -9.5264 — 8.866 |2 torg lag 
С 2. 

Mac Laa — 0.224 G 20.5264 Aa BEG vovs f tare? 


AN ME Tor Roues b VeLTAGES of MACHINE 2 IN Қу лек. (момтек бү 240 


Mao >:>46 [$ kv; Vab? хулаа, Lote’ kv; Vagos Wes Az. kv 


SYMMETRICAL СомёомЁ ts Gf PHASE = A CuRR&ux ARE 











г Y 261 | 
1 دیے‎ LL + HIEL = M 6525 
Ako 59:26 
X жа = Vg- Уда 4 3 vie 01154 x eA $25 
Уу" A2. 
X а 2. L p Vaaz - 6:22. 5 G 43 4.1255 
| Mx $e 


TUE PHASE- C cURREUTS ім MACHINE 2 ARE CALCULATED bs 


Те = Zag ^ е Хол + Loa. 
= -4 6.525 ча (-4 5 125) що (-А 1 2) 
= — A S.Aao2 


\oox te? 


ЧА C20) 


BASE CURRENT IN THE МАСМЫЕ CIAcuUTS 13 





z 2896۳5 А 


г. сз Убада 
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9,89 Using equations (9.5.9) in (8.1.3), the phase “a” voltage at bus k for a 
fault at bus n is: 


Йа = Vio + Им + Veo 
2 Vr - (оо + 2л ha 2юь Љо) 


For a single line-to-ground fault, (9.5.3), 











о daa = وآ‎ = Ve Ён 
Тав + Zon-1 + Zana + ЗИ в 
Therefore, 
Йа = Vell - _ Zao + аа + Я] 


Zon-0 + ш. + Zm2 + 3ZF 


The results in Table 9.5 for Example 9.8 neglect resistances of all 
components (machines, transformers, transmission lines). Also the fault 
impedance Zr is zero. As such, the impedances in the above equation 
all have the same phase angle (90°), and the phase “a”voltage Vka 
therefore has the same angle as the prefault voltage Vr, which is zero 
degrees. 


Note also that pre-fault load currents are neglected. 
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Chapter 9 

Note, the PowerWorld problems in Chapter 9 were solved ignoring the effect of the A-Y 
transformer phase shift [see Example 9.6]. An upgraded version of PowerWorld Simulator is 
available from www.powerworld.com/gloversarma that (optionally) allows inclusion of this 
phase shift. 

Problem 9.51 


Single line-to-ground 


Problem 9.52. 





Bus 1 Voltage Magnitudes 


gw Phase А 
|-—8— Phase В 
` Phase С 





0 02 04 0.6 0.8 1 1.2 1.4 18 18 2 





Bus 1 Fault Reactance 











Problem 9. Line-to-line fault) 


Contributions to Fault Current 


Current 
Fault Bus Gen, Line or ХЕ. Busto Bus Phase A Phase B Phase С 
1 Сі Gltol 0 5.052 5.052 
Ti 5tol 0 3.075 3.075 
2 Li 4to2 0 1.486 1.486 
L2 5to2 0 2.505 2.505 
3 G2 G2 to 3 0 10.104 10.104 
T2 4to 3 0 2.358 2.358 
4 Li 2to4 0 0.376 0.376 
L3 5to4 0 2.255 2.255 


* 37l- 


T2 


12 
13 
ТІ 


3to4 0 6.995 6.995 
2to 5 0 0.602 0.602 
4to5 0 3.613 3.613 
1to5 0 3.497 3.497 


Problem 9.54. (Double line-to-ground fault) 


1 


G1 
Т1 


L1 
12 


G2 
T2 


L1 
L3 
T2 


L2 
L3 


Contributions to Fault Current 


Current 
Fault Bus Gen, Line or XF Busto Bus Phase A PhaseB Phase С 
G1 to 1 1.875 8.223 8.223 
5 to 1, 1.875 3.215 3.215 
4102 0.023 1.572 1.572 
5102 0.023 2.670 2.670 
G2103 1.148 13.224 13.224 
4403 1.148 2.426 2.426 
2404 0.151 0.435 0.435 
5104 0.907 2.610 2.610 
3104 4.597 7,363 7.363 
2105 0.206 0.672 0.672 
4105 1.234 4.033 4.033 
1105 1.952 3.631 3.631 


Problem 9.55 


T2 


Fault Current 12.049 pu at —90 deg 


Fault Bus Gen, Line or XF 


1 


G1 
Ti 


L1 
L2 


G2 
T2 


L1 
L3 
T2 


L2 
L3 


Contributions to Fault Current 


Current 

Bus to Bus PhaseA  PhaseB Phase C 

G1 to 1 8.734 1.658 1.658 
5101 3.315 3.315 3.315 
4102 1.258 0.014 0.014 
5102 2.311 0.014 0.014 
G2 to 3 14.068 1.123 1.123 
4103 2.247 1.123 1.123 
2104 0.278 0.056 0.056 
504 1.670 0.336 0.336 
3to 4 6.824 3.412 3.412 
2105 0.455 0.092 0.092 
4to 5 2.841 0.440 0.440 


= B72. 


T2 1105 3.217 1.606 1.606 


Problem 9.5 
Fault Current 11.233 pu at —90 deg 


Contributions to Fault Current 


Current 
Fault Bus Gen, Line or Trsfr. Bus to Bus Phase A Phase B Phase C 
1 G1 G1 to 1 0.128- 0.105 0.105 
T1 5to1 2.99 1:514 1.514 
2 L1 4102 1.295 0.058 0.058 
L2 5102 2.169 0.058 0.058 
3 G2 G2 to 3 14.298 0.936 0.936 
T2 403 1.824 0.936 0.936 
4 Ej 2104 0.405 0.101 0.101 
L3 5104 2.431 0.608 0.608 
T2 3104 6.965 3.489 3.489 
5 L2 2105 0.670 0.181 0.181 
L3 4105 4.022 1.085 1.085 
T2 1105 2.937 1.483 1.483 


Problem 9.57 — 
Fault Current = 23.774 p.u. at -102.04 degrees 
54% of buses have voltage magnitude below 0.75 p.u. 


2.945 





ODGER69 


Problem 9.58 
Fault Current = 7.642 p.u. at —93.39 degrees 
11% of buses have voltage magnitude below 0.75 p.u. 













SLACK345 
BLT138 












_ 8254 2389] 1851) 62 -1413_ ом 
| 2.019 1.394 
| 184 0979 09)  . .658 140. 2 





8 028 ою 94 1751 173 
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Q.5«coutip. 
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CHAPTER iO 


IDE ема Eq (10.2.1) : 
3 
SIME _ “ws AIO | 
v's Ly ш ыз : 
тш "3660 11577 Clihe=to- Lise) 


А 
= = 5: ф 2 GOO.X1D = = 1004. A 
VT Vir ШӘУЕТ | 
From еа (100.3), тесо por ero ст error. 
Then, prosm Fiqvre 10.1) $ 





texte = шШ+от +T = (5) leet.) = Ч.18Ч 


тіс 4.184 А 





юм. (ау steph- m = Io. А 
Step (3- Его». fiore 15.7 
Єс (4. аут = (o.oga + 1)Oe)= 10.837 
Step 81- From Figure |0.%; Te= O.G A 
Step) 7 From Figure 10.1, 
= ( 182) (10. o.c) = 212. À 
= — 





(EY stepQy- a= IRA 


Spl - From Figure 10.1, 
E' = (= +в) гї (0.681. + 1-3)(13) 
= (low 
Step В) - Fron Figure (0.28, ош L8 A 
Step) = From Figure iom, 


T= (382(3. +18) = 296.4 
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10.2, CowTn, 





сс) 
4! 
(Nos 
| 10, 
S. 
о = 


loo 200, 260, 400. SBD. 620, Оо. (A) 


д) ре а 6-А tap setting and a minimun 
fault- te- Pickup ratio Of 2, the minimum 
relay trip current “for reliable eye ration 


\ Tj = 2XS = о А. From (a) above 
шым Day = 12 A, Imin = м. А 
That is tre relay will try reliably 
for Fault со rre ts exceeding 212.-А 


2-316- 


Fro vw Figure 15.5, ~the Secon dary тесте tence 
Z 2 6.125 > for the raso:5 CT. 


@\ ерд) = =! = IO. А 
Step) - E = @ + z= (o.125 +1) (10)= Ias 7v 
steph) - Frown Figure 10:6, Төл alta 
Sterk) - == (220) (io, + 2.17) = HOT. A 


X ud 
(5) seph Е.А | | 
Sepa) => ЕС (а в)! = (олэ5++)(о)= unis v 
Step (3) - Free Figu те 10.4, жаз 1.5, А 
— x= /200\fio+1.5) = Чо: А 
seen) (: 2 yi ) H60. A 


1 
€) svp T= 10. А | 
stepe) ~ Ес (e Zg)T' = (0.1284 5) (15) sias 
spl) = From Favre lone, Tec зо. 
= E ‚А 
sxe ph) - x= ( aco.) (10. + зо.) 1400 
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NOTE €£Q&o€ ue Феамытїн бүл VT Susuuo SE PT 


C3 M/N, 240,000/120 + 2000/1 


Ca Nak = 250,006 LS / 2056 = vis /o 


Voe = 2%0,000 дэд | 2000 = WS [aud 


Vea = = CTs + We) 3 = Cus 02607) = MS [ena 


Coy Was use , Әм wom Vos -ав/-іаба us Го? 


1. Vea = Cau <Ñ e taa (мэс 


TUE OUTLET ое Tue PT BANK 18 WoT BALANCED THREE Qunsec 


lo. 5 





DESiawaring 88 Сом САВТ VOLTAGE AG E, 


Р READ Two foit on THE 
Mas t 
АНЕ ТВ АТЫ CURVE (Ee ‚Е = 0, озу Aup Qo, t00) 
TUE Wow мае CUABRACTRRISNC CAN BE REPRESENTED BY THE So-cAnen 


Faoumeu EGUAN Ep: (Ale) /Сь+Ее\. Using mar 


Съ ғ cd AND toma. AEN 
Dei 


белде FoR A Anp Š ; А = 





6-і 
tot Ань Ba 2.6848 


Foa Parta (00 Aw» ©), 2, = (4 o + 4 (6549.5) 54344 


= 5.6۹ l.a 
TE CI ERROR 15 THE PERCENTAGE ве MISMATCH 


COD 


т! 
BETWEEN THE vaqut CURRENT Са $&Ces SAR'C TEAMS) Феметер е Ў, 
Амт TE осол ол CURRENT X, is TERMS 86 THEE MAGNITUDES: 
alos 
QT ERRAR = \=, - x 106 
i. 
I 
E = X, Zx = 4 (5.049 а 20-4 


Зе = 29 4/ 254 \зөл/ (© азыу” = 93363, (ex ЛЕВА eR) 
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'9:5. Cem to. 


базы f&ouLiCu's Equamou 


E. a 063 Gea) 
27 ——— = 
6:68 o 0.163 


a Êr . 2o. 
gs > ` ка Ты 
ч Sa % 4 





СТ Еёйвб . без _ о A 
e 


С fe& THe FAULTED Case 


Ер» \2 (5.044) Gav; Iez 6.444А Cor ireeation) 


823 GeV, х. 3 Gos [в.ваа = wasa 


Ст tenon а DE удао = 137 
` 
Zx = 9) аъ (7:7 о. 
€< = A (лау з 66.5 V 
r. = E y ana 


ca) Foe me масе серем, 


Fee THE GWEN Loap Compition | 


Хе: ВАА ; E, = BTCV ; EA 
Мост ERROR z TAR хав = 4.87, 


Су FoR THE FAULT Cou алам, Ех \6\-6\/. Kg CMA, 


EJ 


2 4.5 
©, = AASV ;. Хү = = @,s g€ A 
1545 
а 
SAt ы: 452 Z 
12. 








ee CT RRROR а 


Tuus GV ERROR 18458564 Wits ЫСА Ва CT CURRENT AND 13 FURTHER 


Імсбаеьһзер BY Tag Mau TERMMANN A IMPEDANCE, 
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we. 


p 


ASSUMING төв, СТ та GE IDEAL, f, Weuio BE IZA, THe DEVICE Neue DETECT 
Төс 2200-ЬҺ PERINART соай@бмч GR Amy FAULT CURRENT Down To goo Һ9 
INDEPENDENT of Žo 


(ay IN TUG Soto meu 86 PROG. 10.5 {bd 3, М ЛЕА 
NXweeeveg6€ , Tut FAULT i$ DETECTED 


(b) лы Pree. 10-304) : X, = G.5&h 


TUG FAULT tS тан мет DETECTED, The ASSUMPTION THAT THE CT 
WAS IDEAL tw MIS CASE WeULD HAVE RESULTED IN ТАММыЫС То DETECT 


A FAULTED SYSTEM, 


= 280- 


\0.7 


(aN The current жар setting (чеков cur rest) 
4 Xp Lo А 
=. - 2 = IO. Fror Corve HÀ. iV Figure 10413 
Ep \ 


toperating 7 O.08 seconds 


(Ы —= Б д. 124 ег polating betw egan curve | 
= 2. 

е $ 

= 2.55 See 





anad curve 1. їе Figure 10,11, t operating 
= Se Sec. 


\ 
Q) =. = عل‎ = 5. From. curve N) toperating 
8) st! = IB = 1253 Erow curve П) enia 5.2. Sec 
XR 3 —— 


(=) = = 4 21 The relay {сех net 
up 1 ә. 


tt remant in Чие blocking pariton, 


in Bro blew 10.2 CC, 


Eren, me plot ep T vs = 
1 Эх П x 
= a H.D A. =Z a US = аа 


Ip г 





= 3.1 Sec 


Frow curve o0 Жїфрте 10-125 оа 
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eq 


€ Ve RC =: 16 


3, = з C «> ум bs дад ر‎ М„=\ 


~T 
Ta 1. е, heteg 208:5 аё يم‎ 2 
Tuus Үд. z А2 в 6.6495 
сы» Жа RCs 08 
Em 
уз С\- ©. %% AT ©з Таду › Ves 
t, 
eagle ә a Tano [t0 = An 2 


THUS Cas, + Gas S 


TUE сес TIME RESlewSE 14% SKETCHED BeLow;: 





ion 
| neal 


FRom Төв Setutew ag PROB, sess (52, X, = Y es ТЕТІ 
Мы, uae 


$??.5G Co&&& SCouDUsG то маса, Gao CURVE 2, 
Урень 2 


Topa ata = 0525 


= 582- 


(Q) For the поо, А fault correr at bos 3) 


fault -®- pickup Current ratfes and 


relay operating times are : 
| 
аз FE зфарі 22 поо | (хөв) x eS, = er 
ез = Е 3 


Fran. curve I. of Figure 12-15. , 
toperating 3 = 0419 Seconds. Adding the 
breaker operating time , primar protection 
clears this pavit in (ало + о.о &3)= 0.183 seconde, 


BL E Fault = пос | (20015) 2 IS = 3.5 
Psa 5 S 


iw Figure 16.12 | 


Fes cCourve A 
145 5ссо«Ӛ5. he Coordination 


Жоресажууяа. = 
time ‘interval between BR aed Ba te 


(155-7 O83) = [12 Seconds. 


(ы) For “ме 15оо.А +aolt current at 





bus 7 ¢ 
Ba. Traut _ !See[(aeels) E mE 
TS4. » с шин i 


Prov curve 2. ор Figure 105%, 
== overatings 7 OSE Seconds Р АА Ауы 


tee breaker operating و متا‎ Primary 


->8%- 


18-11 grotectuba clears this «ас! la 








Сент, (о.55 + о © 83) = 0.655 Sec, 
1 
ы) Epai _ 1800 | (чоо/5) _ 18.95 
<— 2 x с = = = %.75 


Янь. Curve % OF fiore 12.1. у 


= operating | = 1.6 <есо-4<. cue coordination 
Aa a^ terval Letujze= Ba anc RI i 
(1-&— 0.683) = 147 Seconds, 

Faulk = to- Pickup ratios ate all > о 


Coordivation time intervals are ай зо Seoda 


1012 First select Current Tap Settings ( "mS s) n 
Starinwq at BS , the primary ancl 
Secondary СТ Corre-ts For maximum load LS 





ATE 5 ( 
5 
fuos LEO. اک‎ д (506 A 
NS NRI SHS X16 VE 
түз = 180-6 = 240 А 


(5.5515) 


Fro Figvuee 10.12 ) select HOA TSS, 
which is the lowest TS above 3.147 A. 


= © + 81. 5 & 
т.- бы + 800). (morao) _ жесе бай 


"Va Vx ч.5 хе — 
UN 3601.2 _ f 
Tiu. ян Cool 5) = 3.77 А Again Я зе её 


ЧА Т2 por B2. 
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Suit Su + Sug ۹+ | ¥10 | 
ва dan а 


10-12. S = 
contor У Vx 34.5 хо? үй 
=. = 13128 2 ے‎ any 
(eeels) 
Agas зе\ а Ч А TSI For 8. 


Next select Tiere Dhal Jetting (т5$‹). 
largest Fault бо гах 


Starting at RI, the 
For the w MX es 


Mrava бї ls ооо. A , 
Fault at bug (just to tre Tight от Bx). 
“The fault to pekve ratio at BS for tne 


Faulk vs 
Шавар = 3000 / (25515) = 18.495 


"5% ч 
TDS = ih at B3, м order Зо 


SeYect 
possible. 


clear this fault as rapidly as 
Then pron Сотуе IA (ж Fiq 10.12; 

ореха а = 0,05 gee. Aceh tre 

breaker operating tiie (S cycles = 0.083 хес), 
Primary protection Clears us pault au 
OOS + оор = бО. 15 Sec, 


For mis Sane fault р ee тао1%-%о- pickup 





ratio at Ba is 

i 
Ша Fault _ Зооо|(чоо15) _ sns _ A 
Тез. = 4 š; Ч = 1 


Адай хул 8% м RE tine; breaker speres 


tise у ancl ӘЛ see Coordination interval) 
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16-12, 
Сонтр. 


See 





(0.08 + 0,083 + 6.3) т 0.Ч32 sec, 








whit ts tre desires Ba relay 

operating tine. Frow Figure 10.15. , 

Select ТО053 ш о. 

Next select tre THE at 8), The 

largest fault со гре through Ba AS 
5000. А, for "ue maximus Bult at 

bes | (avit to tre right op 63), 

Tee fault-to-pekuy ratio at Bi for 
his Fault ас 

1 

Rods = sooo | (чьо[ѕ) E 

4 4 : 

From Curve 2 lw Жа 10.13, twe relay 
о Perating Tae 1g O,%q SE. Adelle tre 0.085 
brea ker operating tke ача 02.5 SB Coordination 
time reserva /, ше Want a Bl теач operis 
te оғ (0.38 +0.0%5 +0.5) = 0.74% Sec. 
Also) жог the Sane Fault , 
IÀgaoH 2 Sooo | (co|s) - Wes 


БЕТ 


Ч 277525 


| Зохиэтлүою 
Problem 10.7) 


-586 = 


10.15 For tme 150660, А Fault current at bos 3, 





Fault to- Pitkep Current rel aus relay 


© perating tines are: 


i 
аз Iimes 2 1900 (200/5) | 035 < ад 


“Гэ, Ч = m 


Frou curve JA of Figure 10612, opere О.С se 


Код ca breaker operating time, primer ге (ачха 


Clears thts Fault № ë O.O H 0.0%3 = O.163 sec 


f 1 

пъ Тоғай _ ! Soo/(ueols) 18-115 
аа? т = Ч = WM 
Fros corve 2 їл FA lo.) togeratinga 7 0.85 Se 
The Coordination tike gaberva| between BI ancl ВА. 
vs (0.85 = 6.163) = о.64 sec 


| 
| Theol À '&eo[ (ool) _ 12.5 


= کک‎ = 3.1 
TSI ч + 





Eros Corve 5.5 ач Fiqure iolz, "tore rating | = 2.8 5 
The coordination time interval between B3 
але Bi n Get = 5.165) = 9-6 Sec 


Tor tye 22.50. А Fault current at bog 2j 
fault = to- prekup current febtíiós Awd re lag 


operating times аге $ 


Y 
Ba Там _ 2.2 so/ (tools) 18.1% _ 
TS. Т ч т 4 i22 


Vrow. Curve 2 1м Fig. tonr) operating 1 = 0.6 Sea 


->41- 


19.15 cents. 


Adelina breaker operating tine, рт ти алу 
Protection, clears nis fault in (2.6 6.085) 





= 0.5265 sec, 
1 
Sei аяа _ ЗАЗӨ|(со015) = 1891S. «qq 
о ае хи a S. 


Frou Curve 3-S iy Figure l0. y t ope acea T 1.5 Sec 
The COO TAI AX LON tiñe imtervel betu eea 


Bi anal R) Le (5 - 0.683) = O.L sec 


Fault-to- pickup rating are all > aso 


Coordination time дека ате all > o.5 sec 


- 333- 


Vo A 





Tut LOAD Cug@esqs ARE CALCULATED AS 


- b 
‚ Axle 6 3 
is = 20443A; Ig 2.500 2 АЪУ2зА, Үүл 6-The 
8Сих ta?) В (иже ù fz (нө 











2 354.284 


TUE NORMAL CURRENTS Te@oucdie te Sections ARE THEN Gives BY 
Xa. K z 26% ASA, £f. s E +8, = DAGIGA; Tee Lanti, 645.4, 4 А 


wit ТАЕ Gives ст RATIOS , ME MoERAL RELAY CURRENTS ARE 








: . . ААА . 695.44 002, 
Ааа 20945. абд, 44,2 22116 2 85DA j dg: = B 64A 


(зе/ву Cools) Goofs) 
Now отлы CTS С CURRENT TAP SEIT 6557) ор PICKUP CURRENT In боса 
A WA“ THAT THE RELAY DoES HoT TRIP UNDER NORMAL CUBRENTS, 


FoR Taie Tees об RELAY, CTS AVAWAGLE ARE (4,5, 6,7, 8 io Амр 12. А. 


Foe. ReGition L, THE NORMAL CURRENT IN THE RELAY 13 8.25А ; Зо Chost Ста): GA 


Смена ТАҚ MRAREST SETTING HIGHER MAN ME NORMAL CORRE WT, 
FoR CaSitiou 2, NORMAL CURRENT Өлмес 8-55А, Cuoe SE ars} = WA. 
FoR Position №, ноз CURRENT BENG &‘GAA, Cussse (CTS), = 10 A. 
NEXT, SELECT WE Intentional DELAY INDICATED BY TDS, TIME DIAL Sarria, 
UTILE Tag SHORT. CREUT CURRENTS TR CacQRDInATE THE RELAYS, 


4 


TUE CURRENT ley THE RELAY Ат 4 ом Steet CREUT is Á 2500 








% 262.5 А 
8857 (6848) 
EXPRESSED AS A MULTICLE of ME CTS of Meru? VALUE 
Ase4 62.5 = 8.4.2 
Ces, ^ © 


Cuasesg THE Lowest TDS тай TAS RELAY FoR FASTEST ACTION, 


Tuus Gres), 2 У 


->аа- 


10.14. GowtD, 





REFERRING qe THE RELAY CHARACTERISTIC, ME ОРЕ БАТМА ПМЕ FOR RELAY A 
FoR А FAULT Av i 15 OBTAINED AS Жы 85558, 


To SET THA RELAY At р. RESCcn sing Т А FAULT At L, Allow et 
FoR BREAKER ePERATION AUD Вы ERROR MARGIN OF 0:5 $ аы Аан Co Тү. 


Tuus "YA a Тұз о-ө = 6-555 


морт ССТ Form A байнд АТ і As A MULTIPLE GF THe CTS АТ 2, 1$ 


^ e а ES (52:5 


FON IST: = 6.25 
(e155, хө 


боза WE Cua?ACtERISQ CS FoR 0,558 OPERATMG TRE Жыр Gas RANO, 
Gps), + 2 
` 
Now) SETTING THE RELA Ax D: 


FoR A FAUX AY Bus 2, THe ShoRT-CIR CUI T CURRENT 18 Воео А, е 


Wulu RELAX 2 RESEONDS ім А TIMÊ Ta, CALCULATED АЗ 


Ase 2. л Beea 


= а 7.5 
CTS ( 26e] 5) to 








бар (TDs), 22 , том THE RELAY CUARACTERIGD C, “уус 0:59 


Азуонаыд TUE SAME. MARGAN FoR RELAX 3 Te RESPOND FoR APAULC AT 2, 


AS FoR RELAY 2 RESPer Ding To А FAULT Ат 4 3 
"HL а Tag oie o 2 OAS 


“TAG CURRENT ін THE RELAY EXPRESSED AS A MULTIPLE OF PICKUP 19 


А 
$c 2 ъеоо 


(етә), T (2.67 10 





= 3.15 


THUS, FoR 1,2 AS, Амт THE ABOVE RATIO , Fon TE RELAY CuA&ACTE RISTIC 
Ws), = 2.5 


Мете. CALCULATIONS WERE DID мот АСсбыиых ER WIGuER LOAD STARTING CuRR& AIS 
TMAT Cam ФЕ AS мам АФ © 12 71 pings RATED VALUES, 


= 390- 


1015 





(oy Three- phase permanent Fault on the load 
side op bos 3. 


Erow. Table lo, tse three~phase faolt 


current at bos 3 ú 2000 A, Tree 


Fiaure 16214 twe 560 A + recloger opens 
3 1 тет 


Oot S after tre 2000 А peolt occurs 


2 
teen Yecloses tja S later into twe permanent 


Fault | opens aqain ater OOt $, aud 


Tecloses into ‘ie фас! a есь time 


aper a as delag- Then tre S60 A 


delay ext recloser opens 1.5 5 later. 
During Thu time interval ‚ me оо fose 


clears tre fault. The delayed reclsser en 


Гесісес 5 to lO S later, restoring Service 


d» loads | anda Q 


-341- 


10:15 (e) е Liwe-to- Grove permanent Fault 
oe at bus Ч on the [оа side of Te reclocer, 


Table to, tre 
24060 A. Frew Figure 10.14, 


E ro 1Ш-6- Favlt corr&e-t 
at bus 4 ls 
4де ар A fast recleser C ground unit) 
recloses Ya S le ter 


apter 6.034 5 ) 
о fers again 


о pews 
Into “tne Peasant Fa lt, 
atte r бе O84 5 Ч recloses 

ater a a S delay 2 Then tre 780 А 


delayed reclosel” (. ground unit ) © Pens 
o. S later, récleses 5 los later у 


мел pens Ayan after ОП 5 ала 


a Second te 


permanently locks oot. 


(<) Three-phese per manent фао at bus Ч 
on t.e source side ep the recloter. 
Free Table lo, tre hree~ phase pault at 
bos Ч ex SOOO. А . Fra Figure Іс» q, 

evexcorrewt- relay tria аг 


tre phase 

O.4& ©, thereby energizing the circuit 
breaker trip сөй) causing the breaker 
to Oper: 


-ъа2 – 


10-16 


Lo AD CURAE ы з 





66 
pai ч G64 A. Өөх, FAULT CURRENT: locos MIN. FAULT CURT: Sos À 
: Ja2 (34:55 И 
LAS Езе төлб Gel DitcióM, THE BECLOSER MUST ОРЕМ ЊЕ Тобе THE FUSE MELTS, 
TUE мА мом CLEARING чила, беф. THE REcuoSER. Suouub Ge LESS faa 


TAE MINIMUM MELTING Timê. боб. TE FUSE АТ А CURRENT 86 Book. 


BEER fo FIG. WAS, THE маху Huh CLEARING TINE бой. THE 
RECLESER 13 Аёсит 0:1359, 


с> FoR THIS Сом Татем, THE Minimum CLEARING TIME CR WE 
RECLOSER  ZucULO GE GREATER таалы THE MAXIMUM CLEARING 
TIME, FoR THE FUSE АТА CURRENT Of ооо А. 


REFERRING TO 616, 10,4%, THE мөөм CLEARING TRIS А 


A&sot 9.0562. 


-24>- 


10:47 


(9 


© 


4) 


G) For а fault at Bi, only breakers 

Bay and Bus oj&rate; ue otuer breakers ches 
not oyerate. B23 shell соотайме te wit, Riu 
сь that BM operates before №15 (acc before 
812. у and before 81), Also, RY srovle coordina le 
Gor 83 SO hat 842  eperetes before gy. 


For а fault at £a; ela breakers роз ang 
Әз Operates tre obher breakers do not operate, 
Bil Shevlel coordinate wilh B33 So that Вад 
operates before Gu. (ane before 41). Also 

BUZ Skovl Coordinat pity BIL SD uat 832 
Operates before ҶТ ( art before ВЧ). 


Fer а Fault at 23, only breakers Bn 
and ЕЗІ operates the Omer breakers 

do not operates B3 Soult соогоо 
wits Bal со that Bt Operates Lefore 83% 
(aud bepore B43) ancl before ВЧ). Also уві 
shoul cenocdi-a( twit BI1 so thet Bu i 
operates Lepore Bl. 


Faolt Bos 






Operating Breakers 
в ave Br! 


Qin and BIL 






-Bq 4- 


з ше = == 


7 “ 
оле 18 tone 2. 7% É Roney р r 
лг 





| әке io 
и 
жолы o | ime, ыта) 








(a) Fer a залж at #1, breakers im Bone 5 
operate (Bra ad Ва}, 


(ь) For a fault a+ Pa, L reakers mm Bone y 
Operate ( 8214 ) Baik , 823) B244) B21 b) : 


(c For a fault at Рх, breakers |^ Zone 6 


aud tone Ц Ффёгаче( B25, B32) Bra, 
Bais) Baya, 4-4 saq]. 


-ъа5- 


. 


` 
i 





Dooble-Bv eater Double-Bus 


-34G- 


Rreakerg That Open 



























19-14 Sevi eve For Fault on Line | 
CÓNTD. кшш 


Rawa Bus Біз ама BIY 


RI ажа BIL 











ы 


Breake r= алай 6, Double Bos 











амес Rena OVE 
$ смем е Бос с Fault at Py 


Breaker-~ ама V, j Dovble Bus None 
Devkle Breaker, Double fius None 











Breakers Tat Open For А 
Faulk on Line | wit. Stuck Breaker! 


Breaker — and л, Double Bus ви, вла. ажа өзіме» 91% Or бол. 
Double Breaker) Double gos Bt) Bal and all other Breakers 










(0-20 (à zc c NS Vin (зоо) у 
шин p - реу 
= x, /(1s0e]s) =. 15 
d. = 
15 


Set te BID Zone | relay por чо?» тесе! 

өң Lane т: 

Жас o.2(6*ico)]he = olati? 5% secondary 
Set the Ria Жозе з. reay for po rex of Line 1-22 
Ex ta (64460) ıs = at riag D Secondary 


Set “we RID Zone 3 relay for оор reach a+ 
le =2 POI іа 75 reach og Line Ln. 
Жүү = Lole edes + 1,3. (5+9 о) / с = 04i1€.o MW 


Seer Саға 
-зал- 


ЧОРА (ы) The secondary impedance viewed hg 
CONTR. BIL Auring emergency loading сё 


zx 1 Ml). Зоо Joo 
* | (=) З| NE le à = 13.77 [258° s 
124 /—¿es ол 


Zone 3 setting о (0.8 ар) 
goy | £3? > gor Br. Hence, tre 
Impedance olur emergency loading bes outside 
tec trip regib. oF thir 
(See Faure 10.24 b). 


Ж! exeercls tre 


Ч 


Z-*oae mho relay 


Gua © Z= G 





10.21 (о) For me bolted 
‘tyre e~ plese -ult at bus Ч, 





tre apparent privery 


і әры b Three — phase bolted 
U^ PERLE: see ч the Fault et bos 4. 
вэ. relay is: 


. 





s 55 54-54-55 UR). 5 
= 1 1 >. + CM — V %% 
Zayparesl =. Т — = хад + = 
із. Tan Tia T 
<=" 
Ziv 
Lapparent = Bw + as 
Tau 


Using Хос Ен, and FE, = 38,855, 2 
‘apparent = aa + Bay (ET. таз Tuam 
— Е uta Ind 
Tus ЗН» / 4 
weh És the desired result. 


ЫЯ 248% ~ 


{6-24  cCoutD, 
сы 
the apparent Seco naar ww wz a CE seen 


by eg 212. velaq. por “the bolted T reen 
presy pault at buf Ч и: 





2! - ара rest " (a+ Û uo) - МЕ 32. 64) 
а.рүа react (“ум Y E Жах, 
Y Wy] ne) 
араға 5 [a+ < ==) [+ 3 ПЕ go( ах) 





(n< у 
Where Nay м the VT ratio and ny W the CT ratio, 


Also, he Ша gone X relay ы set wrt а 
Secorolary wav da ce 5 





те s N 4 4 295 . 
Зүс (a+i4o) + вл (6+ ) 2 16.24 136. шу ээн, 
(Nv) "=Y (nv Іт-А 
"3 Ç ші 
Comparing “rs ES Tappara у 


--1 22 25: 2: Ё | 
Жа parent Exceeds Lea wher (Ear [x TA) "70. 


Hence Raga Wes owtsiale the trip 
region for the “‘three-phese Fault at 
bes 4 ше ч (Xs. 12. } > O2 j remote 
backup ор hse 22М at Ba n Wen 
neppe еле e 


- 344- 


o.22 








| ay 2, 
Rye МЭҮГ S G* 0-8 
2 аъ › ХА ® ————— 5 6.012 û Pu 
(2. o. g^ C2*4 e. w^) 


ТА YR DIAGRAM үе Сауабы GELOVI: 


X 


10.4724 


10.3 





BASED ow ME DIAGRAM, Bs CAM BE OBTAINED ANALYTICALLY ор балғасы. 
Жаз Ам, = (олоо дъ Ууд Code 611247) 
с: 67103 [arne 


6.1124 


P A 
S. Ө,- в, = 4л 67 — Кем C UT 


= A666 - 22° 


= 45.66" 


-4оо- 


10:23 





Coy’ GWEN ThE REACHES, 
таш А... Za бах 85 = 6:68 , Bowe as e1 x120, 26.125 Lents: OARZSO/ » әз 
iN view o£ THE 2% STE ӨүнэлтЕх, ALL Sra HETS ot RELAYS МАЧЕ IDENTICAL 
BEIT RES. 


(ы 1% SueuLD BE GWEN іы THE PROBLER STATEMENT THAT 


TWE SYSTEM 15 THE ЗА84 Аз PRES. AV. 


Y а 259 > se kv Й x ioo 
LN base 5 RR °“ 2 в mma ® ZEA 
% piens od {8 


TUE E@UIVALENT INSTRUMENT TRANSPRNER’S SECONDARY QUANTITIES ARE 


` MS ° N< 

Мыл. s ҮВЬС PL MSN S Ipase? 284043) z BA A 
: Ч aA = Beet 
AQ. = 5 ESET" 

“4. Tae SETTINGS ARE (С вх MuLTIPLUNG PX 361) 


Zone 4: 2.42. ZonE2: Д.до И. 4 ZNE Ds AN 


“. 


(Су TUE ОРЕ б Тіма 8% Go 6%, TAREE Zowe DISTANCE RELAX With 


DIRECTIONAL RESTRANT AS PER ME ARRANGEMENT CF FIG. 0, 5o 


үс Sows BELOW. 


Line 
impedance focus 














WW 
S 


Normal 
operating point 
ө 






LOCATE Фот К бы Tag АСА 


= AO) 


10-23 cours, 
COMME ӨМ Lin€ BREAKER OPERATIONS > 


BB. FAULT ам Zone à, зызсамта масы» OPERATION 
$2: DiReerieway омат SuoutD Streak оёсон 


%%%. FAULT лы Зом 2. DELAYED OPERATE 


SD Фчесур төле FIRST, PREVENTING 625 FROM TRIPPING, 


Bar. 

° FAULT Duty 1$ LiGux. FAULT iM Bowe A, Vç DETECTED Av ALL, 
ауан DiRectlowAL Umir Susu O Steck ofi RATEN. 
Bares FAULT лы деме 2; Товт cut awe of Zong As 


DELATED өте РАЛ 


LINE CREAWERS BIS Мыр ФА CLEAR тақ ТАСУТ AS DESIRED, 


ім APD, BREAKERS Qi Ань Ba MUST BE CooRDIKATED WIM ФА 
So MAT THE TRIE SEGu&eCG 15 QA, өз Р Anp ФА FROM Feste Sr Тө 
SLOWEST, Likewise, BIS, BB, Амь ER SwouLD BE FASTER 


Tabs 2. AnD BS. 


- 402. - 





fer a 1575 wA TS waa he between ri and 
ШІ, gelet Q \.20 upper Slope 15 Figure 15.34, 
That эш, 

2% Ф 

Т eue бойға) hz 0.1818 


~403- 


10-25 


me 


CA)" OUTPUT VOLTAGES ARE Given BY 


V, = Å Ky $, = А5 6-44): Bov 

Voz $a 3, = 456-341): ЭЭУ 

Моз XS LIE 45 CARED + —\80\ 

бүх dx, E, 2 45 (cit): 65У 
2. Gs EXER EE 30-455 -180465 < © 


TRUS Х%А66% tS ho VOLTAGE Зо stegace Tae VoLtAcE RELAY VR, 


FoR ME Cxt&& MOL FAULT OM LINE DB, VOLTAGES AnD CURRENTS ARE Shawn GE Lew; 





-j10 кА} 


(p) Movie ME FAULT LOCATION To ТАЕ BUS, AS Басым BELOW, UAE FAULT 
CURRENTS Anh ConRESPerDIMOG VOLTAGES ARE IwDICATED, New 


Ve = Зон 50465: ALDOV And ME VOLTAGE RELAY UR with TRE 


ALL feud Line BREAKERS то CLEAR ME FAULT. 
Protected bus 





9:25 Gents, 
© 2“ Өеөчинс WE EsXEEWAL. Зачот {Ав LIME B te A CeRRESTen Dime Petar 


Цу бы Line 2 


‘THE CASE 1$ DISPLAYED $€tLov* 





neag Ne = Зо — 85 4 864652 © 
VR WULD NOT OPERATE., 


(Му ом LINE. д, 


TMS CASE 1$ DISPLA TED BELOW: 





HERE Vg = Bor dS4+ 50-6570 


VR Vvagutp Net OPERATE, 


- AoS- 





First select СТ ratios. The Trans deo ree 


гол primery Corre A tt 25 
& 
n E SX1b = > p. 
“е 28 ыг o. 
irate XB Gg. s 
Fron. Table 155225 select a 


ratib on te ао v (primary 
ave жі- (aso)(Slzoo)= 4.167 A at rated 


conc kipa $ " 


La rated = 
Select а 
So trat 


Sri larly 2 


©хс© 
Z. LLRI 
60025 Se co nala 





= SIY А 


Fa (59568) (5/дос) = 


rated есь + tons. 


Next , select relay taps +o 
in tre restraining uncis. The та of 


CD T T eus 1 х 


ue resa ıa! wey 


i В 
ZJ elc ME l155 


шы 


The closest 
The perce 


€ eive \ 


Jo Mismatch = | 


IST 7 


169 


rela 4 tep тесто 


woo ¿s cr 


\side to 


САР ratia 
ң.ЕП А at 
balance corrects 


tas prot و“‎ $ Le 2 


3 t 
is Ty | ху = 1.10. 


taq мл уча -рэг hig фар 


52 


(= Юү) = (=: lez) 


(= чы!) 





47 
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Xoz 





10-3.7 





ep Mismatch ш 


Connect CTs tA A en “me БОО Û, AC 
хае , амад Yn Y s< че II 07v a 
side of tre transformer. 
аде Current an te 345, R^ А sue l 


See, хав? 


Хата 5 ——= = 816. 
ars 345. xi Vs Е 

Select A 400: 5 ст ratio on te 394 ЮУ A 

side +o ave | шах (&36.9)(5$/9е0) = 4-649 A 
+e + : шахан ” 

C S EET алтай k as СТ езде ам 

За (а, rated aurrent 44 te Goo ү Swe a 

Чоо x 1DŠS 


ScOx p^ VF 


L arated = SIT. А 

Seleet a 60025 CT ratio on tre Боо АГУ Y 
Зое to que у= 671.4) (S/o) = q RN А 

v^ ce Бой CT Secondaries аха 

Tg = “ЕНУ = 3 333 А Оз Xe restraining 
Uo اہ‎ Му Se 

Next, select rela, taps to balance corrents 
Vw Але restrain windings -~ 


| 
+ 
АВ _ 8x eng 
TY 4-619 
Te closest tap Tatib u Trail Ta = 1:8 


For a Чар Sewe oF 5:3 . the fperce-ae 
mismateh рт nis те(ад dap сейл ioi 

1 $ 4 А 
| Es ote) - (| „(823/80 4496) 


(za Ta) (61 7/s) 


X10O 











= 0.490 


= 407- 


10:28 


15 «to 


GEE 
. 42 Ge w vo 2 
TUE SECONDARY LINE CURRENT IS 262.A8x32 TET-BA (og LA 


TUE PRIMARY Lie E CURRC ыг 15 = 262-4/53 (лаз i.) 


THE OT CURRENT om тае PRIMARY SDE t5 А, 262.45 (=: A. BTA 
THE Ct CURRENT ew THE SECONDARY SIDE S d = eL [3 5 алд 
[neis 43 1S APELIED Чо 665 THE NVALUE ам THE Ling SIBE OF A- Com nter 
сх. 
TRE RELAY CURRENT UNDER NORMAL LOAD 15 


Ё ЖЕСЕ” ал Beal 2 6.96 А 
Ay = ^v Ag > Be BST 


WTA LZS OVERLOAD RATIO, THE RELAY SETTING SuouLD BE 


IA î \.25 (су = ZA 


59,2% 
> 2 
TWE Фамьёч Link CURRENTS X. = ox = 524 ABA 
(v (axe) 
SECONDARY LINE СОВЕТ 1S ig^ Sips 1514: 64 А 


Tue СТ CuRREstT ом THE PRIMARY SIDE 15 үл 524-88 (2): 5 525A 
Any TAM OM THE $Есв №РАРМ SIDE 15 L,e малаас ( ©. SJB: 6.82AÀ 


RELAY CURRENT Ат 2007 OF ME RATED CURRENT 18 THEN 
2.( Ху-хүул 2(6:52-525): BAA A 


ç 
10:50. хань CURRENTS ARE: Ip: 1210 2 жей 
АЗ, (mio? 


6 
ї a 15 хо ± 181.34 
х Jš Qoa? 


Wome Слз Өм МУ Е ARE ConvectEeD IM S THEM (ue CT RATIO ом THE 
му. вое is “алъ 5 : 151.46 


SIMILARLY, THE СТ Ата ow THe LV.SIiDE 15 262.44(5 | 88) 2157.6 


- 4.08 m 


CHAPTER LA 





AAA 

сол 

TUL бФ@м- Loo TRANSFER fuscttan GCS} 1S бізен BY 

GCs? = ka кек; 
+ Tas) Cte Tet) Cis tg э? 
Ce» &e ` (Ve 1,5) Coe Tes) Cr Ty 8) 
ae. аке жекен 
A & Nee Үл GC Qe 54,53 Coe Ха Ct S, зу ka Кас 


i 


баб STEAD STATE, Serving 320 
һе. = ОУ ss хөхөх ke kakekg 


Vee V. 
or e kk би | һе. 
FoR ME CONDITION STIPULATED | vek om ٥ 
on KAN 
су 
Ам, CEN = g5 AA NEN 


TUE СЕЗОНЕ GE THE SYSTEM WILL DEPEND CN Тағ CuAGAC TERLSTIC KeeTS 


ОЕ ME &£&oAnews \ GCs) so 
(1) Ағ төв Roots S, , $,, AnD S, ARE REAL AND DIGTINGT , THE 

RESPONSE WiLL mee INCLUDE THE TRANSIENT COMpWENTS 

aes А, еЗ: , Амр А. «336, 

Civ) ае TAERE ARE А ФАА e€ бомбийх Com SuGATE RooTS З, , S. 


G oe de), Хмм me DYMAMCRESPONSE има BE 


ef THE Foam A eee A Coke 5. 


- A090- 


(o TUE ePCueLooP TRANSFER Ецнбчиы ӨР THE AYR SYSTEM 1S 


W. G Cs Cs) = ЕЛЕСІ; s — 
(isons) Groa хэн) i e 05 6) 


505 Ka 





S^ 4 23.5 SPa 61:5 S 4115 $506 


TUE CLOSED-Los? TRANSFER FUNCTION OF THE SISTEM 15 
Vk Coh 25 Ka (зав 
Vneg 2 S* 433-3 5*4 BOTS 4 1485 8004 BOOK, 





( 55 TRE CUARAGTERISTIC BeuATaN (5 GWEN BY 
үе kK GHGs) = а Soo Ka so 





&* 23.5 SP х TSS a 15 3 4990 


шыма RESULTS ju таз СәлФьстеөлесс Ро Moms. вачАтпом 


&^ х >>. 5 95 BTS S 4018 S 4 Боо + 500 Ka 29 


ROLUM- Моды ARRAY PR TMS Рот мамл. 1S Showa BeLows 


THE 
4 \ 
а 5 Dots Bose Sook, 
E 
5 >S "15 о 
2. 
3 2.84.2565 Boor Soo VC. о 
1 
5 5 £۹ KA = TEN o o 
= Boo + боо Ky 


1 
Сео THE 8 Rom, VV AS бабы mat «Ял Must BE LESS THAN 12-16 ба 


Comme. SYSTEM STAGILITY, ALSO FROM төв © Row, Ky MUST Фе 
2 


GREATER MAN =t, THUS, WITH Positive VALUES OF Ka, FOR ContRoL, 


Tut AMPLIFIER бағы Мост BE 


Құ < 1216. 


SST STADEN, 


~410- 


2 Qowto. 
| FoR Ум. (246, WE Ачз\ыАЕЧ Єдодтом FRon THE 62 Row 18 
384365 <* 4 6580 zo R Sat À 1 
MANAS. For Ka 12.10, THERE AGE A РАЛ. oF Сом SUGATE PoLES on Тав 


До Ams, Ань THE ContRoL Зүвтєм 15 MARGINALLY STABLE, 


(с? fcm ME CLeSED. Loo TRANSFEREE FUNC aw OF THE SYSTEM, 


TE STEADY- STATE RESPONSE 1% 
x 
(№. = A. SM (> = x 
S-»o \ КА 
FoR THE AMEER бын of Ky slo, THE SYCAOf- STATE RESfeask 14 
N a le 
C t) - = 6.4069 
55 icto 
AnD Tat STEADY-STATE ERROR IS - 








OR s One A4: 0:560 


Wee 


соз 

AFTER SUBSTITUTING THE PARAMETERS IN THE BLOCK DIAGRAM АМЬ 
, 

APPLYING THE MASONS Gain FORMULA THE CLOSED-LOOP TRANSFER 


Ёомолзом IS OBTAINED AS 
VOS 250( °? + 489 + 500) 


Мез 55 + 5% se. $645 өх 270962-5 af a 214.8153 137500 


(b5 THE STEADY = STATE RESPONSE 16 
(усу, = Jim SWG = (2 50) C500) - 0.409 
5 S~pe 137500 


aA 


“> 


сон. 


‘TUG TERMINAL VOLTAGE SITES RESPONSE \$ DEPICTÉD Secon: 


Terminal voltage step response 










wA 


THE Восх DIAGRAM 6€ an AVR Con?ENSATED wire A PLD cout&evLÉR 


үз Showa BELOW 4 





Amplifier Exciter Generator 






Sensor 


TUE DERIVATE Cost олз ADDS A Piare ZERO To THE OPEN -LooC 
PLANT TRANSFERS FUNCTION Ам» IMPROVES THE TRAUSIENT RESPONSE, 


TUE INTEGRAL Семтбеілее ADDS A Pole АТ ORIGIN Амь INCREASES 


THE SYSTEM TYPE Bi Ome AND евовсес THE SrEADY-STATE ERROR 


Due То A ЭТЕР бимстам TO ZERO. 


AA = 


1.5 


Кыа" 


ta) Converting the regx la tion constants 4# 





E а 100 МУ System base. 
! 
Rinew = 0.03 Goo) = 0.015 
122 \ s 
Счет 0.9% Cee 5 ©. 0133 
o ` 
Bios. ©. ob CEDE 9.01 
Using (и. 2.3) ` 
N l NE. 1 у 
қ Be (5; 5.01 UEN 5 25.0 per uni 
(Ьу Using (и. 2-4) with Ан ха and Дб = gg 682 =- bO pu, 
-i0 2 -1215.0 QF 
pit? Ados оў „ы “3 
A га = HEHE үүр” per unit sL euyyy KIO We) 20.2 667 Ha 
7A 5. 


(о Using (Uu. 2 a) vo th 2 Fees zo: 
€- | ` : 
at, = ~ Gus) wo?) шуды = 


ent = 21.63. Mw 
м: = Eg) tete?) < " 
мы? 0.0131 ¥0 J © -o.333y Гор > 33. 33 Mw 


— 


Шы - Goss Ж -0. 3704 1 2-37. 0% Mw 5 


— 
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WG 
a) Using (но. : 
Sing v) wi th De eto aud Apm ` 2-5. р.а. 
9-75 «- 2335.0 at 
EISE x рек... М | 
АЎ 3. 3333 Хир DU. 5-(3. 3333 get) (ee) гел. H 
СЕ 2 





(b) Using (из. 9 with девхо 
i 
шон Ca) (a. 3333 хо?) zo 2 دد‎ fer чыг}: у M 
: < Lt мэ 
bf = ~ (езе) (555 xo) 29.15 per unt M 
ЕЭ + “+ ж 25 79) 


- 


«5e 3.3533 x07 >) = 0.277% per wort = 29.2} Mw 


AÜ. y ` 

v3 — 
я БНЗ; D with Abe z o; AT 20.003 ña. 

АВ, = ~ ыт) (0-203) = -©9.20 е = aloo Mw 


— 


l 
Ba - Gans) (0003) = = Оз) So u z 22 
"Tot 322.59 Мы, 


eer 





П 
Аёз: - (S (0-003). 25-26 gait? =. < 25:06 ғ 
4532 ^ч 
(8 y 
Using (4.2.17 with OA, Е 
J + fer so ; AT? -e.005 рч. 
AK, => Gas) (- о. 995) т с21333 м, . 33.33 мм 
m 
Af c7 бәз) (e.005) = 9313 50 е = 27.$0 Mw 
= 
1 
Абу ~ ==>) (-о.95) = о. 67 со £ H.S? mw 
mm 
п: 
The pers wart и change is 
2 АР: E - 0.025 Ж Е 
fe unt хо s حت‎ 1667 X го? 
Az о.06 


Using (и, 2.1) With Afret = о, 
oper 


Ае = ы (“ұм”) = 6. 94 хо - 
anit = O. Coy Muy 


-АЛА - 


110 


61 
(ay Чавес ы & Sense суму 


s lane С eld. 


R, = o-e4, Vooo | bo 
Ceu “Boo 5 ба?а, Ra cueu 2 0:05 1086 


— = 69667 Py 
750 
THE Agea FREQ Енес RE Spouse CUARAC са EIS nec 1S Given ay 
+у 
Ё = = ل‎ sod t 
ka RQ “ЭГ = ' 


I Ra. ТІГІ ere = 275 pu 


ОЮ те PER“ U qart INCREASE | одо is 


250| өөө = 6.25 
^ 
(^ ЭЯ жағ, 


Ё др >, 
Клек “Фа 48 =4 





Waq i5 POF 
a A Eee (estat © For STEADY- STATE Cou Dit aug, 
A = -4 = < ` .25 Ул Өөд -3 
; Б A m zy. 252 ELI ры 
өк Af: — F091 % i & ба = “0.545 Wa. 
i № a common 
Hiu nor speed regu lation oF each unit 9. 
Ey pressing the gover 


base oF тоо MUA, 


ES оту (еге) 20.092335 Аь = (0-08) без) =9.08 Р.М. 
SG 





ї . Фо - ооч ЁС. 
к iSO ар. 12 
V 
SERERE T 
ә) һәм = Caf) D+ = r 


+h peut Steady ~ State, Freq «екеу deuia tron 15 
with D=o , the 


: 2м 
- 0,002337) Pp 
has = (9.91) i 2 
%.о93 9.о2 


Lot Yre uent Lie 4 1 b 
i Ў H Ч бек (Vein 

fe d. $ € T devia 1 rh » (3 е 

The Seedy ~ 3 ^ Ч 1j 

i ҺЕ = (59. өө ээ) lso) = -0.232 6 Hs 


^ уе чек + xc - > : 6 2 
1 .2326 B 
e € < ig x їе 5 66 o s 
and +h ney X ¥ 4.7 7ч H 


— 


= 445 ~ 


LEIL cents. 


The thange fs genera tion Ye each unit is 





Aw -o.003877"7 
Ex Se PURUS c. 0713 = о. bE ge Bu. = Fist Mw 
4 
š i 
ne m 222 сам = жо. OFF нера. c чр. № Mw 
` 9.9 жилээ 
Thus unit © Supplies goo 4 4.54: 64.5% MW „ayd 


Ше unit è Supplies 3004 HRD 348. 46 Mw o the 


4 € 


operating Tregu erty oF $9. 767% Ho ' 


b) Fr Des, the per-unit sfeedy -stofe Freq were deviation f f 
© Aws: z BK — : loo) | — - -09036uy Ru, 
D+ т + Ay ve ` Ge) ` 0.0 
The Steady = state Frequency deviation in Hy 15 then 
NI (- 9 0036 h) (со) 2-0,21252 Hs 
and the new Yregueney is Fe Se £A T7 69 ом 85% z 59.7815 He 





The change in generation Jor each unit í$ 








AP > - ә” үл. е. 99362. + 0.03702 = 39,0 MW 
[7 о. 033333 == 
be. st = “2 20: 0036 92 = eof 653: 45.6 Mus 
x о.о? шаг 
Тыс Unit 1 Supplies boe 4 39.02 . (39.0 MW, and 


dhe Unit 2 Supplies зоо + 45.5%: 345.5 Mw at the нем 
Dpera ting 3e7 e e ok 59.7215 He, 


The thl соке Ix generation 15 39.0 + 45,6: £V. § Мо) 
3 J MAL 


whith fS 5.6 mw fess than Фо MU) (се change + 
ТМЗ iç because oF the change ik food dae to the Frag чеке 
drop whieh is giver by й 

(aw) Dz (-o.oe3692) (1.5) = -0. оо 5$ pu. =-5. SMW 


— 
ALMA 
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uet 
Adding Ut 2. 4) For each area with A Ref ы бу? 


Мы +f Pm - (№ + E) д? 


чоо = - (4004 fe) м су ae: HS z- 9.2457 Ha 


+ - Br bP = - воо (20.2853) = ууу. 57 mw 
— 


Абыз: Ab. 

Ane ct “Pea cay. 57 Mw == 
ПК 

ТЭЭЛ ЭН: 

АСЕ: Аба + Bv AF o and Af: АЙ 


Аба: д Риз Q Ba AF 
ond Afm: -В, AF 
Alse Dên, “АҒА = воо M W 
Solving the eguations : 

- (B. + Вы уа? = Yoo 

Yi cree ӨӨ о. 
4 фоо goo = - 020657 He 
A Piers - (ғоо)(-өзезч) = 228. 59 Mw 
Auer: A биз: - 228.57 Mw 
Nole: The results are the Same as those jn Problem naz , That IS, 
Ес js not e Weetive when € = ployed т», only оне оред, 


MACS 


س 


Te Steady ~ Sta fe : 

ACE, = Ofer + Be, aT со 

ACE, 3 A мел + Вы AF =e 
Adi. (Pe + A Fries) + CBE + Bra) AF о 


Therefore , ВР: , A feet тө and 4453) - о, 


That is, ік Sfeady ste the Treg eec error IS returned do zero, 


area | picks up IH own фо MW load FREVERSE | 


-AVI- 


nas 
Ya steedy~ ЯК | 
АСЕ, = A Ма + В 4F = o 
` АВ. - В: АЁ 

Өд: “Aa АТ 


and дй. DEI "PI “со 





Solving < 

бие, = afm = “Bn АЎ because LEC is Employed 7^ Area л 

-(8. +n + Bs OF + воо 

A EE SEDE. tee I =: = <o. 163p He 
Loo 4 Foo +1200 Se 

After =- (Ғо9)(-о. 1532) = 723,08 MW 
Ае 3 = (mos C9: 13р) = (P e mw 
Abre 1:- (Абы А беу) z -(03:08 v p4. 61) = - 307.3 Mw 


when LFC does not operate in areas 1 and 3 areal preks up 

on too- 307 7 2 91. 3 MW ot i own. Фоо MW jngreanse. Areas 2 vad 
У expert 328.59 MW +o Area |. Alse, since the System (5 larger, 
the steady - state Frequency drop of 9.1838 Hg [$S smaller Алд 
ty Problem na ; 

цаа 

өл) LFC in area № “бөө 

K. steady ҮҮЛ, 


KCE 2 = A fue 2 + бұ AT 5 
BÓ A бе, сл Br, 41 


and AÉ. =-= Ё, АТ 


Alse Af +A fm с ~ Yoo 
былу > - CB * BR) AF :- toe 
Az: жое = 0257 Нь 
боо + Foo ae ee ный 
APuer == (вее) fe. 2259)» -121. ӘЗ Mw 
Aferez “A ee, = mo Mw | 
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NAG Сант». 


Lb) (16:44) LFC employed E beth areas Е and 2. 


АСЕ > А Pees + Éy, AF se 

ACE, = А Peer 3 65 at 20 
Adding: UB Рие, 4 Вел + (Вы +85) Аф 9 
Thus AY= e A Ре, то ong АЙЫ, <o 


(6) (Has) АСЕ. 2 Ве» + біз AT =o 
Аб = - В, AF 
Аёз = -Ёз aF 
and АҒ. +APm2 + Amy vos. «oO 
Sahina > 
OP сул Afm = - бы АЖ 
= СВ, + бе» + f, Yat то 


АР: о = © Mv 


boo + Feo +1200 





A Peer = - (eoo) (оу = о мм 
A fie 3 z -(1208) (дс о Mu 
= о Mw 


Айл т е 


Results. (оу with LFC employed in only ene area both areas ! and) 
respon 4 + the HOO. CHI decrease іе area à foad. ў 
Àrea | drops 171.43 Mus and Area у deus ne. S? Mw 

(5) wra, LFC employed г both дуеоу, area à фене rahen ps 
reduced by the entire Чөө Mw load decrease in that arego 
Area | ge nevation Fema ги; unchanged . Asd the steady = 57476. | 


Freguency Premna a$ unchanged Я 


= д\а- 


f17 


(AJ Witwout LEG C LeA! FREE мех бом186-) 2 


A Pree Cutat 3© 


ve Buka = — Св, аву OF 
an Go = = Саве 43068255 
— G8, = more м2. 
PIN Afa 254 


ОО мита LEC, t STEADYSTATE, ACE, л ACE, sO 


(hee STANDS бой AREA CONTROL ERROR, ) 


oTMERWISE THE ACE С: Akee + Be Af) uwun BE Cunucana me 


REFERENCE Pomme SETTINGS об Тас GoVERNORS сь LEC. Be (5 «ығын AS 
THE FREduEnes BIAS СомбТАаы%. 


Ase, THE SUM of ME WET TIE LINE кыыз, AR eg ®АФу, > 
уа 26060 , NEGLECnuG 196565. 
‚ Зе АСЕ, + ACE, =0 = (B+B) А5 


Since (6,4%, > Жо, 





А5 = е 
ЦАГ: 
= 
СО) Tue C&£g-Gni МАО CUANGE (ы AREAL is 
Af, = BTS ала 
1606 
THE f&&-ouc STEADY . STATE FREGUENCX Devianen IS 
=- APY 
Або,» Эм Эн сөн ك ا‎ ЛА НИНИН" = 5 0:008 
Cg roO «С, em — (9496) Ie 
Mus 
é 


IME Sthaov-stare FREQUEN Devianes ine үс 


А5 (3.005) (бо) а =od UR 


AND TUR NEw ЕВЕбОЕ ес 16 $- fy 440: Go- o, = БОЛ uz, 
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VANS Cout 





THE CUANGE ia MECHANICAL Pewee 1ч EACH AREA Үе 


A 2 - AG 2022-2255 844 %8 < loo Ми 
ЫГ <, o.25 Ы 


AW „ FASS 2.0600: во MW 
Re 66628 
Тавь AREER 4 \HEREASES Tue Самбаһпав Bt loo MH Ань AREA 2 


ME мєн ОРЕРАПЫС FREQUENCY OF 59:7 НА. 


E 


BY fo миы Ат 
THE TOTAL CUANGE IN GENERATION 15 180 MW, WHICH 15 TS MW 


LESS THAN ME 187-5 Mw LOAD СМАЗСЕ Because of THÉ CHANGE 


iM TUE AREA LeADpS DUE тэ FREQUENCY DROP. 


TE Cwan dÊ tn AREA A LOAD tg AWD, = (= в '905 7) (0.6) a o.oo Pu 


OR — о MW, AND TUE СмАНАБ ta AREA 2 Loap IS A с. Dye (С о.ао®'у(о.ду 
= - ©0454 OR — д.5 МЫ. THUS, THE CHANGE Үм THE TOTAL AREA I 


3 “TS Mw, TUE TE = LINE PewER Flow tS 


Lond 
à 1 = ae Ot , 20. | 
АР > )د ھ‎ жау» oroas (16,4) 216848 бо 
= ~84:5 Mw 
TabviS, BAS Mw Flaws Бром ARGAZ T AREA 4 | Bo Mw Сома EROM 


THE INCRE se O QENLRANon ме AREA 2 : кыз Д.Б MW Comes Свог 
тақ @EduUCTON ім AREA 2 LeAD Bue то FREQUENCY DAOC 


(55 WIT ME INCLU Stem 6€ Tae ACEs, THE ERLAUENCY DE VI AON 


RETURNS то авео (WIM A SETTLING TIME of AGIUT 26 ЅЕсомрб у, 


ALSe, УМЕ TIE-Ling Роме cuaca REDUCES то LERO, Амр 
THE INCREASE uo AREAL LoAD 19 Мех BY THE USCRR ARE 


ім GENERATOR дт 
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dC _ £ + coy Ë, Tee ес P, 4 too mw 
- df Е Р 
Жеке for 1 Э тео Mw 
d - ооё A iL 
df; 
ав ас 
Using Си. 9. 8) 2) = ` TES 203 
growth -о.ор fı : о.Оф(Ёёу- Rh) of P & tOo 
$c eothü = oog( hi- fr) Pi 2 roo 
Solving > о. 6667 Pr ~ 33.33 ос Ё. & oo 
P e. тео P, э 159 
The tof tost 15 
+ В taor Pt 40.04 № ос P ёге» 
Crz Ч * Ca e on £o.o* А? Р, Pree 
The incremental cos From | їоо 6 frl 700 Жан 


4 
Az 4G - d Co 50.52 A м 
48 48, 
The economical dispatch sofation is given га the Bllawing 


table ў values oF Р, Tom 200 Жо yoo Mw 


For 200 4 Pr £700 
Economie operation 15 
achieved by holding 
B at (oo MW 
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1.20 





Inspection of dhe гешу in problem 1.49 shows that dhe sofy fiom 


$ not changed by the inequality constraints де f, боо ММ 


A+ heavy loads when Р, goo Mw unt | operates at iÉ “pper mit 


c Sco Mw. Addi tion] food comes From unit >. Ав, the incremen lul 
_ 403 
‘Cost í$ À* JA 


= 0.03 fÉ, 





-42%- 





Bere Boog (eio f 

5 -4 
35 vio" fı 3h. 2x10 Р, 
af, 


df 


Using (Il. 63) and the uni incremental operating cost trom 
Problem 





"144: 
ға $ £ Ё P P, о тео 
wn tuae sd 
dfx L, + 0-07 fy шаж 
4% үт зө р, 
" Solving fo. f and Ё in Чеке oF AG 
z Queue ee, EU Z= a. 
б texto" À fa oop va yo À 
Also 


бъ РВ fe Р +6 ~ (эме h рахо Ca 


The soletin js Shown jn the Following table 


Jor values oF 


À 
From §.35 + YL UTR. At X- mo, В = 5o. Mw reaches its 
limit. Re dv 10,00, P 


iS upper 
held at Soo Mw 
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Ca) Lit. 19) 
ас, 4 шэн еч ос Ê š гоо 
"TN g В > roo 


dà zoo! f 
df 


Using CI. Ғғ) 


оу) кәс өз + od (fo 2 oc РЕ low 
ёт оа = od (А-В) $ э о 
Solving š 
Рр: Лете $5 Pr - 29-57 o£ f, £ foo 
fr = go Р, ? тоо 
The total сөзі 15 
CR Wu Po P, to. оз Р? +0.05 n! cf Р ёоо 
ef, + 0.05 م‎ р, 2195 


The jsneremental cost is 
$ 
Ax dG < 40 у ол В Болт 
46, d Py 
The economic seletion fS gives in Уе Follow ing table Yor 


values of Pr from зоо de Joo Mw. 


Netes 

Te, зоос fy É зоо 
ёсологы( epe ration 
is achieved by 
holding fx «+ 
15 мм 
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1222. cent. 


O) (1.26) tuit the ыы 
њо £ P, € Soo 


So£ P, 4 Зоо 


5) constraints : 


Inspection oF the results jn port ta) shows ща ТӨБЕСІ 


Pr > Spo Mw, AY 
heavy loads when Py >%5о, unt | o erodes et js 


8 het change d by the constraints until 





ге 
нь? oF бое Mw, Additional load is Supplied From unit 2, 
Also, the incrementa] cost is Ad zog 
to ur 20 Tn cluding line losses > 
& iix f + "TEN 
A .чхє 8, 38 хө? В 


3f, ak 


Using CMH.) and Не unit incremental Costs From pert (о) 





га Бул g ы À For woo < Ё ¢ боо 
48 е ¥ ro È 
4G (ul вай о. X for So £ ñ £300 
16, p- ГЭ 


10-22 Cos, 


CC) Citar) Cost. 


Solving Әк № and B iw terms of X. 


Poe dhe 1-8 и A: 
YEA 9.4 42 ee А 


A so: Ё = f, + Ae f. = Р +6 - {> wo Pe + ско") 


СЕР: 40-05 e 


Following fable tor values oF À 


The solution iS given i^ the 
Ё = боо reaches 


ge gon fo 27.05 “Умар. AF Ax 10.00 
limit. Fr А оо, P, is held st Soo MW. 


its Upper 





Comparing with Problems DOO си! ; the opera ting cost of unit 2, 


(5 higher їе Proble к, 1.1), Because of thig, CConomre ope raton 5 
ot higher levels jx Preblem Ц. З, 


achieved by operating unit |. 
Proble rn 1.22, 


Also, the ttal cost, Cy are higher ік 
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For 


RB = 


af 


N=2 ‚ (11.4.14) becomes 
жо x = 
5 5 PB = 2. by (ary Pye Seah) 
= ' = 


te 
h 


B, a + Baf Р, + Ba, P, p * 8282 


Assuming Bia = Bai, 


2. 
SP + 2 Bia Pi Pa + Baa fa 


35. 2 (Bin P i + Baa B.) 


E (By Pr + в. №) ЭР, 


Also, From (11.4.18) 2 


121 


= 
u 
M 


3, 
эт, - P- = 
s= а 2 2, В, ç P; = 2 (Ви Ри + Bia Ê) 





ЭР 121 

э? 5 - | 

3 E zr eg 2; 85; Paa ( Ba, Pi + Bas Pa} 
4 


= x( B,. P, + Baw E] 


which checks. 
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112, 4- 


Guessing Guo, АЗ МомМммА ( з- тмАЗЕ), 


es (S34 ane) ° = хөө ; e, = &O 
Ё « = 268 
В, : (Sas base) 2206: 20°; Pa 
Ч, “бө ; Ge Өө 


ім 068 umt, 0:26 LP, «5 4 05 $90, 52-0; e5540, £5 5 


>< ЭС, „ооо бо 200 5 Л, = 9%. . 9o 95,4260 
а?а. 8 © 


CALCULATE №, Awoh, FoR Marinum GENER AMON сам Di TIONS 
С Pont А; is FIGURE Shown В Ее). Since Ap Жү , IN seo €s TO 
MAE, y's &QuAL, LAD омат Á FiRST UNTIL М, = 2% 4, WCU весов S 


Pay ` 284-2600 . gar ( Pont? in € Gugg) 


200 E 


Ат 


‘Now, CALCULATE Wa Ань», BT ME MANIMUM GENERATIO сөм®\ї\о м5: 
Paint лы FIGURE. Now ТААТ Kz Ag , UNLOAD UNIT 3 BAST UNTIL 


№, t$ BRovauT Down To >. = 4260 Waren occurs AT 


о... 4297296 , \ло ( foret Алм Fraved) 
ын Зөв  . 


Norice THAT, Фея o2 SPL SBN, ITVS Po зл жа MAUTÀ LJ 


Е dob x s | ЕазАМеН8 ARE GWEN BY 


Мъћ, $ 269% F200 3 BO Fag 4 260 у Ан? fud Paa = ж 
THESE LINEAR RELATOMSLLES ARE DEPICTED tw THE FIGURE BELaw: 
Foe in 2 232, Mw = 2.82 Fu, fis, = 2.92 Faq's 
Pas со. 4 Qa, 0 = \\®® noch Pa, Ord 

Lid Fa ALS оф Fg = Ved = 402. MW 


Pen 3 2.32 tor = L8 > 80 MW 


RESULTS ARE TABULATED ts THE TABLE GWNEN BELOW: 
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i024. Contd. 











Unit generation 


Us) 
in per-unit 
Total system load -P in per-unit 
TAGLE of RESULTS 
Роцет Par Paa P N 
` ө.2.% о. Do ө 55 2.50 
2 6.62. 6:56 6-12. 2.84. 
3 1.60 2.00 3-50 Seo 
4 : wars 2.00 ъло 420 
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284 


284 


420 


420 


e 
TUG LOAD At EACH BUS WAS IMCEEASED BY 16%. 

(©) \ пылт 4 Pens UP ME Lab, 
AS, «о (Using Bust As MASE REFERENCE) 


А 5, a BABI < G.G 6 = س‎ o. 424° өв -«6:6614&" Aad, 


A Par = BA4 - OBS 5 $:21 81 


= 6:66 THB) 
el & ¬ 636265424 
0:21 8166 





Ba. 20 5 bay ` 
(6 омат 2 PICKS че Lofo, 
& : = 1.947 46. = ¬ LB” ав 0. 02529 лед, 


Gans BUS2 Аъ PHASE ReteRence) 


Ad, + о 
A Pan s 24454 ~ 62606 = 6:284 
— 60:02. 525 
Aye = -0.028501 و‎ буз то 3 


нашы‏ ت 
542 6.2.4 


бө Сіӛссокдаеее 96 © Сан SYANXS T 


225%.44.%62 = 30553 HARALD 
Y * - $555 Да. AM 2.585. A3: 562. 
Ta 2 4, = 2:3555 ر‎ m = Ч: = - Posse 
fog mek ‚ е 2 
TV в MN 
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Problem 11.26 

(To solve the problem change the Min MW field for generator 2 to 0 MW). The minimum value 
-in the plot above occurs when the generation at bus 2 is equal to 180MW. This value corresponds 
^to the value found in example 11.6 for economic dispatch at generator 2 (181MW). 
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Problem 11.26 | 


Total Hourly Cost ($/hr) 
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Problem 11.27 
To achieve loss sensitivities values that are equal, the generation at bus 2 should be about 159 


MW and the generation at bus 4 should be about 215 MW. Minimum losses are 7.79 MW. The 
operating cost in example 11.8 is lower than that found in this problem indicating that 
minimizing losses does not usually result in a minimum cost dispatch. 


Problem 11.28 


To achieve loss sensitivity that are equal, the generation at bus 2 should be about 204 


v and the generation at bus 4 should be about 288 MW. Minimum losses are 13.14 
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Problem 11.29 

The maximum possible load scalar is 1.69 to avoid overloading a transmission line. At this load 
level both lines into bus 5 are loaded to 100%. Trying to supply more load will result in at least 
one of these lines being overloaded. The sharp increase in the marginal cost occurs when the 
line from bus 2 to bus 5 congests. 
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12.23 (a) The maximum 60-Hz voltage operating voltage under normal 
operating conditions is 1.08(115/43) = 71.7 kV. From Table 12.2, 
select a station-class surge arrester with 84-kV MCOV. This is the 
station-class arrester with the lowest MCOV that exceeds 71.7k V, 
providing the greatest protective margin and economy. (Note: where 
additional economy is required, an intermediate-class surge arrester 
with an 84-kV MCOV may be selected.) 

(b) From Table 12.2 for the selected station-class arrester, the 
maximum discharge voltage (also called Front-of-Wave Protective 
Level) for a 10-kA impulse current cresting in 0.5us ranges from 2.19 
to 2.39 in per unit of MCOV, or 184 to 201 kV, depending on arrester 
manufacturer. Therefore, the protective margin varies from (450-201) 
= 249 kV to (450-184) = 266 kV. 


Note. From Table 3 of the Case Study for Chapter 12, select a 
VariSTAR Type AZE station-class surge arrester, manufactured by 
Cooper Power Systems, rated at 108 kV with an 84-kV MCOV. From 
Table 3 for the selected arrester, the Front-of-Wave Protective Level is | 
313 kV, and the protective margin is therefore (450-313) = 137 kV or 
137/84 — 1.63 per unit of MCOV. 


12.24 The maximum 60-Hz line-to-neutral voltage under normal operating 
conditions on the HV side of the transformer is 1.1(345/V3) = 219.1 
kV. From Table 3 of the Case Study for Chapter 12, select a 
VariSTAR Type AZE station-class surge arrester, manufactured by 
Cooper Power Systems, with a 276-kV rating and a 220-kV MCOV. 
This is the Type AZE station-class arrester with the lowest MCOV that 
exceeds 219.1 kV, providing the greatest protective margin and 
economy. For this arrester, the maximum discharge voltage (also 
called Front-of-Wave Protective Level) for a 10-kA impulse current 
cresting in 0.5ps is 720 kV. The protective margin is (1300 - 720) = 
580 kV = 580/220 = 2.64 per unit of MCOV. 
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TIHE 


° 
9,900 
0,020 
0.040 
0,050 
0.080 
9.100 
0.120 
0,130 
0.160 
0.180 
0.200 
0.220 
0.240 
0.260 
0,280 
0.300 
32 
0.340 
6.360 
0.380 
0.400 
0.420 
0.440 
0.460 
0,480 
0.500 
0.520 
0.540 
0,560 
0.580 
0.600 
0.520 
0.640 
0.660 
0.490 
0.700 
0.220 
0.740 
0.750 
0.780 
0.800 





PROERAM Listing 


REM PROBLEM 13-4 


ràd i0 
TER 30 REH SOLUTION TU SWING EQUATION 
M T 30 REM THE STEP SIZE IS DELT 
1,4307 30 — DELT-.01 
0.4981 38^ ed 
оог 80 PHAX = 1.8303 
374220 70 — Ple3.14159278 
0.5205 80 тай 
472214 90 Хіз,4179 
ЫЫ 100 X2=24P1 «60 
поте 110 LPRINT ” TIME — DELTA OMEGA 
0,5451 120 LPRINT " s rad rad/s " 
REA 130 LPRINT USING “88ИВИ, 85 T3 
a. 140 LPRINT USING “ИНЕНІ” 4X1; 
ee 150 LPRINT USING “HRHRW.H® ;X2 
Hi 160 FOR Kei TO 84 
HARI 170 REM LINE 180 IS EQ(13.4.7) 

405 ОР 180 X3=X2-(2#P1w40) 
3428-4223 190 REM LINES 200 AND 210 ARE ЕйС12,4.8) 
ОРИ 200 Х4=1- РМАХЕБЇНСХТЭ 
POS 3 210 Х5=Х4 (2uP 1440) * 2&P 1440) /€ 64X2) 
055087378. 220 REM LINE 230 18 Е0(12,4.9) 
E 230 Xé=XI +X3wDELT 
НЕЕ 240 REM LINE 250 18 EQK12.4.10) 
а 250 X7=X24XS#DELT : 
лык 328: 260 REM LINE 270 18 EQ(12.4.11) 
025834 237524 270 ХӨчХ7-28Р1860 — | р 
415254::375:5 280 REM LINES 290 AND 300 ARE Е0(12.4.12) 
Va axe 290. X921- PHAXASIN(Xé) 
SM 3096 300 Х1048Х98(28Р1840)8(24Р1860)/(68Х7) 
14401 3223 310 REM LINE 320 IS EQ(12.4.13) 
254918 1399408 320 X1=X1+(X3+X8) &CDELT/2) 
813242227423 330 REM LINE 340: IS ЕО(12.4.14) 
И 340 Х2=х2+(Х5+Х10) а(0ЕЦТ72) 
0.4207 377.3 390. TeKXDELT 
0,4299 377.6 Eti 
014491 377.9 3/0 HS ААН 
RR di. 380 IF MeZ THEN LPRINT USING "ВИННИ НИИ" уту 
PS 37823 390 IF MsZ THEN LPRINT USING "HASRA, BORE® XI) 
dnt 400 IF Ме? THEN LPRINT USING "NHANH. ° X2 
0.5498 378.5 415. ENS 
0.5815 378.6 

From tne 


aotput, the . MAK MAU VA, 


angle is ОЧНО radiaas.z Ma63, 

com pared io 42.6232? pe Probe. 13.4 
woke thet qus the abeve Chw puter 

bres ra, e app rax мала шем ںم دی‎ (іл lo 
Iw tw. Swing uation ts not made. 


Ат 


ЛЭХ 


Using a time step of 0.01 s for the simulation the critical clearing angle for this fault is 
about 0.2505 s. 





Using a time step of 0.01 s for the simulation the critical clearing time is about 0.4090 s. 
` At that time the generation speed deviation is about 10.678 rad/s which is similar to a 
frequency above 61.7 Hz. Note: 1.7 HZ is about 10.68 rad/s speed deviation. 
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120 














: oorPUuT PROGRAM LISTA 
CASE! 
STABLE CAE ч 10 REM PROBLEM 13.18 
i UNSTABLE 20 REM SOLUTION YO SWING EQUATION 
Ч — — 30 REM THE STEP SIZE IS DELT 
МИЕ” «ЛА» ERA. TIME абал бш; |40 ВЕН THE CLEARING ANGLE 15 DLTCLR 
5 а - = 
0.000 0.4179 377.0 | 0.000 0.4179 377.0 |9  DELTe.01 , 
0.020 2.4305 378.2 | 9.020 0.4305 378.2 |50  DLTCLR = 1.22 
9.040 0.4581 379.5 |0.040 0.4881 329.5 | 2° зөн йг 
0.080 0.9308 380.7 | 0.060 0,5308 380.7 |90 БҮХ 14(59278 
0.080 0.818 382.0 | 0,000 0.5181 382.0 |70, аа 
* E E 7 T 
0.100 0,7304 383 0.100 0,7304 383.2 | iig X1=,4179 


0.120 0.8423 384.5 
0.140 . 1.0290 385.7 
0.140 1.2152 386.9 
FAULT CLEARED 
(10.180 1.4175 386,9 
0.200 1.6031 385.5 
9.220 1.2590 384.1 
0.240 1.8878 382.8 
0.260 1.9912 381,6 
0.280 2.0710 380.4 
0.300 2.1291 379.4 
0.320 2.1670 378.4 
0.340 2.1856 377.5 
0.340 2,1856 374.5 
0.380 2,1668 375.4 
0.400 2.1287 374.6 
0,420 2.0701 373.5 
0.440 1.9893 372.4 
0.480 1.8843 371.1 
0,480 1.2530 369,7 
0.500 1,9937 368.3 
0.520 1.4052 366.3 
0,540 1.1883 365.5 
0,560 0.9461 364.4 
0.580 0,5851 363,6 
0,600 0,4151 363.3 
0.620 0.1488 364.0 
0.440 -0.0998 363.3 
0,450 -0.3149 367.1 
0.680 — -0.4911 349.5 
0.700 -0.4139 372.2 
«720 “0,6800 375,2 
0.740 -0.5859 378.1 
760 — -0.8348 381.0 
0780 -0.5244 383.7 
«800 0.3568 386,1 
«820 -0.1539 388.5 
«840 9.0719 389.4 
0.840 9.3284 390.1 


0.120 0,8423 384.5 
0.140 1.0290 385.7 
9.160 1.2152 386.9 
ГО, 139 1.4258 388.1 
FAULT CLEARED 
9.200 1.6350 386.8 
0.220 1.8166 385.4 
0.240 1.9720 384.1 
0.250 2.1036 383.0 
0.280 2.2145 382.1 
0,300 2.3078 381.3 
0.320 2.3860 380.6 
0.340 2.4542 380.1 
90.360 2.9128 379.7 
0.380 2.5450 379.5 
0,400 2.6131 379.3 
0.420 2.6593 379.3 
0.440 2.7098 379.4 
9.460 2,7547 379.5 
90.480 2.80085 379.9 
0,500 2.8699 380.3 
0,520 2.9418 380.9 
0.540 3.0281 381,7 
0.560 3.1333 382.8 
8.530 3.2623 384.2 
0,608 3.4232 385.9 
0.620 3.6228 388.1 
0.640 3.8709 390.8 
0.850 4.1725 394,0 
0.680 4.5521 392.5 
9.700 5.0002 401.2 
0.720 5.5195 404.5 
0.740 4.0963 404.8 
0.760 6.7054 407.7 
0.780 7.3180 407.3 
0.800 7.9121 406.1 
0.826 3.4807 404.7 
0.840 9.0333 404.6 
0.860 9.5905 405,5 


120 Х2-28Р1860 

130 LPRINT * TIME DELTA X OMEGA" 

140 LPRINT " s rad rad/s 

150 LPRINT USING "HHUHH. HHU ;Т; 

160 LPRINT USING “НИНИН. ННН" ХІ; 

170 LPRINT USING "НИНИВ, й° 5X2 

180 FOR Ке! TO 86 

190 REM LINE 200 IS EQC12.4.7) 

200 Х3«Х2-(2%4Р1%40) 

210 IF J=2 THEN GOTO 240 

220 IF ХІ» DLTCLR OR XI-DLTCLR THEN PMAX=2.1353 
230 IF X1) DLTCLR OR XL=DLTCLR THEN LPRINT * 
240 IF X1? OLTCLR OR X1=DLTCLR THEN J=2 

250 REM LINES 260 AND 270 ARE EQC12. 4.8) 

260 X4=1= РМАХЕБЇМОХ1) _ 
270 XSzX4sC(2xP 40) 8 (24P14600/C49X2) 

280 REM LINE 290 15 Ей(12.4.9) 

290 XézX1 ФХЗарЕГТ 

300 REM LINE 180 15 Е0‹12.4.10) 

310 X72X24XS«DELT 

320 REM LINE 330 IS E8C12.4.11) 

330 Х8<Х7-2%Р1%40 

340 REM LINES 350 AND 340 ARE EQ(12.4.12) 

350 X9=1- РМАХУЗ ИХ 6) 

360 Х10=Х9%(2#Р1 #60) »C2«PI« 60)/C45X7) 

370 REM LINE 220 15 EG(13,4.13) 

380 X1xX14 O3 XB) & COELT/2) 

390 REM LINE 400 18 EGX12.4.14) 

400 Х2=Х2+ (Х5+ХІ0) *CDELT/2) 

310 T=K#DELT 

420 2=К/2 

430 М=1МТ‹2) 

440 IF Ме? THEN LPRINT USING "НИНИН. ННН“ Т; 
450 IF M22 THEN LPRINT USING "НН. HHHH" XIE; 
460 IF Ме2 THEN LPRINT USING *HHHHH. R^ X2 
470 NEXT K 

480 END 














As shown above, tre system и Stable fp tue. pavit 
[s cleaned at. 2.0.160. seconds When Ñ =. 162.153. 
radians, but owstalle ле tne fault i: Cleared at. 
$ = 6.130 Seconds when S$ = 143286 гадаад Thus the 
Critical clearing angle Ser = 1006 radians. Z 50.58“ 
as calculated inp Problem 13.1 is verified 
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13,2:5 The initial conditions at t= 0 are бо = 0.4179 rad and wo = 2 x60 rad/s. 


During the three-phase-to-ground fault at pomt F: 
0<t<005s Pe=0. 


After the fault clears: | 
0.05 <(<0.408 Ре=(1.2812)(1.0/0.6) sin 8 = 2.1353 sin ë 


After reclosure: 
040 xt Pe = (1.2812)(1.0/0.520) sin = 2.4638 sin Š 


Using the above equations, the BASIC program listing given in 
TABLE 13.1 is revised as follows: 


BASIC PROGRAM LISTING - PROBLEM 13.19 





REM PROBLEM 13.19 

REM THE TIME IN SECONDS IS T 

REM THE STEP SIZE IN SECONDS IS DELTA 

REM THE POWER ANGLE IN RADIANS IS X1 

REM THE ELECTRICAL FREQUENCY IN RAD/S IS X2 
DELTA = 0.01 

7-1 

РМАХ-0 

РЕ-3,1415927 

T-0 -. $ 

X1=0.4179 

X2-2*PI*60 

LPRINT “TIME DELTA OMEGA” 

LPRINT “s rad rad/s” 

LPRINT USING “HHH HAP’ T X1;X2 

FOR K=1 TO 200 

REM LINE 180 IS EQ(13.4.7) 

X3=X2 - (2*PI*60) 

IF J-3 THEN GOTO 240 

IF J=2 THEN GOTO 220 

IF T=0.05 OR T>0.05 THEN PMAX-2.1353 

IF T=0.05 OR T20.05 THEN LPRINT “FAULT CLEARED" 
IF T=0.05 OR T>0.05 THEN J=2 

ТЕ T=0.40 ОВ T>0.40 THEN PMAX=2.4638 

IF T=0.40 OR T>0.40 THEN LPRINT “RECLOSURE” 
IF T=0.40 OR T>0.40 THEN 1-3 
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260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
370 
380 
390 
400 
410 
420 


REM LINE 270 IS EQ(13.4.9) 

X6=X1 + X3*DELTA 

REM LINE 290 IS EQ(13.4.10) 
X7-X2 + X5*DELTA 

REM LINE 310 IS EQ(13.4.11) 
X8-X7-2*PI*60 ` 

REM LINES 330 AND 340 ARE EQ(13.4.12) 
X9=1.0 - PHAX*SIN(X6) 

X10 -X9*(2*PI*60)*(2*PI*60)(6*X7) 
REM LINE 360 IS EQ(13.4.13) 
X1=X1 + (X3 +X8)*(DELTA/2) 

REM LINE 380 IS EQ(13.4.14) 
X2-X2 + (X5 +K10)*(DELTA/2) 
T-K*DELTA 

LPRINT USING “HHH HHP TX 1;X2 
NEXTK 

END 


The above BASIC program can be run to determine the maximum 
power angle бмах = Х1мах . 
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(ол By лиз реса, 4 


-30.000 20. 
s 1 20.000 -30. 
= 10.000 : 
bos 0.000 10. 
0.000 ^0. 
| 0.000 0. 
M 

X. = © 

4 0-3. 

o 

e. 

хдл 

o 

Nia = ° 

© 

© 

© 


000 10.000 0.000 0.000. 0.000 
000 0.000 10.000 0.000 0.000 
000 -50.000 0.000 40.000 0.000 
000 0.000 ~50.000 40.000 0.009 
000 40.000 40.000 =100.000 20.000 
000 0.000 0.000 20.000 -20.000 
e ° 
1 Узр о о 
— e - . 
ل‎ ' al o “Ilo о Per 
Га! тт х walt 
4 Хаз © © -110 
2 ° 450 о o 
MX o o J12 © 
o о -| o o 76-1 босч 
о о © о б 
© о о o о 
И: 4 
о ix о o 4, 
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13.25 (a) By inspection of Figure 13.13, with line 1-2 open: 


-10 0 10 0 0 0 
0 410 0 10 0 0 
Увоз = j 10 0 -50 0 40. 0 perunit 
0 10 0 -50 40 0 
0 0 40 40 -100 20 
0 0 0 0 20 -20 


The load admittances at buses 3, 4 and 5 are: 








Yuas = _ Pi -|Оз = _ 30 - j20 = 3.0-j2.0 per unit 
(V3 (1.0 

Yuwa = _ Ра -jQu = 20 - 109 = 2.0 -j0.9 per unit 
(vay? (10) 

Yyuas = | Pis -jQus = _ 10 - j03 = 1.0-j0.3 per unit 
(vs? (1.0) 


The inverted generator impedances are: 


For machine 1 connected to 051: 1/GX’a1) 


l 


1/(0.20) = -J5.0 per unit 
For machine 2 connected to bus2: 1/(jX a2) = 1/00.10) = -j10.0 per unit 
For machine 3 connected to bus6: 1/jX 43) = 1/(0.10) = -10.0 per unit 
To obtain Үп, add 1/(jX^a1) to the first diagonal element of Увиз, add 1/ 
(jX" a2) to the second diagonal element, add Ут ааз to the third diagonal 


element, add Yroaa4 to the fourth diagonal element, add Ут оааѕ to the fifth 


diagonal element, and add 1/(jX"a3) to the sixth diagonal element. The 6x6 
matrix Yi; is then: 


-4A17- 


12.23 Cos p, 


j15 0 јо 0 0 0 
00-00 0 jo 0 0 

Yu = 10 0 (3-52) 0 j40. 0 per unit 
0 jlo 0 (2459) j40 0 


0 0  j40 j40 (14103 ро 
0 0 0 0 ро 130 


From (13.5.6), the 3x3 matrix Y22 is 


l/GX'ai) 0 0 450 0 0 
Yo = 0 1/9) 0 = 0 410 0 
0 0 1/(jX a3) 0 0 -jl0 
per unit 


From (13.5.7), the 6x3 matrix Yi? is: 


j5 0 0 
0 j10 0 
Үүр = 0 0 0 per unit 
0 0 0 
0 0 0 
0 0 110 


Note: Үҙ and Yi? аге the same as in problem 13.20. 


(b) For the case when the load Рд + jOr4 is removed, Yaus is the same 
as in Problem 13.20. To obtain Ун, add. 1/(jX"a1) to the first 
diagonal element of Ygus, add 1/(jX'a2) to the second diagonal 
element, add Уі саяз to the third diagonal element, add Yioaas to the fifth 
diagonal element, and add 1/(jX" a3) to the sixth diagonal element. 
The 6x6 matrix Yi is then: 


- 4.78 = 


13.23 Сент». 


335 j20 ло 0 0 0 

тэн 20 430 0 jo 0 0 
и= JO 0 (3452 0 340. 0 per unit 
: ло 0 ј50 мо 0 ш 

А 0 340 40 (1103) ј20 

0 0 0 j20 -j30 


Үл and Yi; are the same as in problems 13.22. and 13.23(a). 


Problem 24 
Using a time step of 0.01 s for the simulation the critical clearing angle for this fault to 


the closest 0.01 s is about 0.64 s. 


Problem: 2.5 | | ы 
Using a time step of 0.01 s for the simulation the critical clearing angle for this fault to 


the closest 0.01 s is about 0.39 s. 


Problem 26 
The following table show the critical clearing angles to the closest 0.01 s at different 


generations of the bus Lauf69. 


Generation at Lauf69 Clearing Time (s 
Ом | 


0 MW 
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